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CHAPTER ONE

INTRODUCTION ~ ”

As you walk into a third grade classroom, you see a
siudent sitting in front of a TV set with a typewriter key-
board. You look over the student’s shoulder and read:

HELLO. THIS IS A “NUMBER FACTS"
ORILL PROGRAAM. IF YOU WANT Tu
PRACTICE ON NUMBER FACTS PUSH
THE ENTER KEY.

?

3+7=10
4x3ul2
16

You notice that different number fact sentences keep
appearing and disappearing on the bottom half of the
screen.

The student., obviously familiar with this program and
the equipment. pushes the ENTER key almost before
you finish reading the directions. The printing on the
TV screen disappears. but is immediately replaced.

-

GOOD. | AM PLEASED THAT YOU
WANT TO PRACTICE YOUR NUMBER
FACT SKILLS. PLEASE TYPE IN YOUR

- FIRST AND LAST NAME, AND THEN
PUSH THE ENTER KEY.

?

You watch as the student rather laboriously types in
TERRY JCHNSON and pushes the ENTER key. The
computer quickly responds.

OKAY TERRY. MY RECORDS SHOW
YOU NEED TO WORK ON YQUR
TIMES"” FACTS. IF THAT IS ALL
RIGHT WITH YOU TYPE YES AND

THE ENTER KEY. OTHERWISE TYPE
NO AND THE ENTER KEY.
? -

Ep ¥

Terry, being an obedient and rather docile student,
types YES and the ENTER key.

VERY WELL, TERRY. THIS 1S A ONE

MINUTE SPEED DRILL. WORK AS

FAST AS YOU CAN. TRY NOT TO

MAKE ANY ERRORS. AFTER YOU -
TYPE AN ANSWER YOU MUST PUSH

THE ENTER KEY. PUSH IT NOW
WHEN YOU ARE READY TO BECIN.
? -

You see Terry take several deep breaths, pOise one
hand over the digit keys on the keyboard and push the
ENTER key. The screzn clears and a muitiplication
problem is displayed; numbers in the left upper corner
ofthe screen begin to count off seconds and tenths of a
second.

1.4 SECQNDS
1 RIGH
0 WRONG

ke O
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This book also contains many applications ¢f im-
mediate use—things that you c¢an do to help your
students learn about computers, and to help pre-
pare them for life in a computerized society. Many of
the applications do not require access to computer
equipment; those that do are suitable for use by a tea
cher who is just learning apout computers,

Ideally, the person studying this book will also be re-
ceving instrction in programming a computer and
wili have the opportunity to gain substanuial hands-on
experience In using computers. However, this book
has been designed to be useiul to teachers who have
little or no access to computers at the current time. if
that is your situation, then it is suggested that you find
someone else who 1s also nterested in studying this
book. The two of you can work together and discuss

many of the ideas covered in the book. This will add to
your enjoyment of the material and will greatly
enhance your understanding of it .

If you have a choice of languages to study while using
this beok, give first consideration to Logo. i is an ex-
«effent first language for students and teachers. and itis
particularly relevant to the elementary ‘school level. If
Logo is not availatle. then BAIC is likely to be your
choice. Ir possible, gain some experience with PILOT.
also. .

This book contains two Appendices. The first is a
brief summary of ideas that are covered in a calculators
in.education couyrse for elementary and middie school
teachers. The second is a detaiied discussion of what is
meant by computer literacy for students. i you already
have some background in educational uses ¢f com-
puters, you should read Appendix B before starting the
earlier chapters. If you are just begimning your com-
puter studies, wait until you have made some progress
in the field. In either case, plan to read Appendix B a
second linie as you near the end of the eight chapters.
It provides a focus on how to apply the computer
knowledge vou are gaining.

The author recognizes that the United Siates is com-
mitted to conversion to the metric system of mea-
surements. Thus, many of the exercises, actiities and
discussions in this book make use of metric measure-
ment. However, some of the standards in the United
States computer industry are not stated in metric mea-
surement. A commonly ysed reel of magnetic tape is
2400 fewt in length and recorded at a density of 1600
characters per mch. Because of this, the reader will find
a mixture of the two systems of measurement yced in
this book.
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You watch as Terry completes 35 problems in a
minute. Each wrong amswer is accompanied by a
“beep” from the computer along with a display of the
problem solved correctly. At the end of a minute the
computer displays the results.

VERY GOOD TERRY! YOUR SPEED
ANLY ACCURACY ARE BOTH BETTER
THAN YESTERDAY. YOU COMPLETED
35 PROBLEMS WITH ONLY 2 ~
ERRORS. wDULD YOU LIKE TO TRY

ANOTHER MINUTE DRILL? PLEASE
TYPE YES OR NO, AND THE ENTER

KEY.
?

Does this seem like science fiction—like an adven-
ture into the future? It isn’t! This is a routine and or-
dinary use of computers in elementary education. A
few schools have had computer facilities such as this
for many years. For most, however, it is quite new or
still to come, If computers are already able to make this
type of contribution to education. what will schools be
like 25 years from now? Wil{ there be thuman) teachers
and will students come together in classrooms like they
do today? -

Quite likely yes. but there will also be many changes.
The greatest changes will be based upon computer
technology. Students will carry on conversations with
computers. learn from computers and learn to direct
computers in their operations. ‘Much of this may take
place at home.; Computers will routinely solve many of
the problems that current students spend days or even
weeks studying. and perhaps never master. Computers
will help students to learn more. better and faster. But
equally important. they will change what students need
to learn and what it means 1o “know’” something.

This book is for preservice and inservice elementaty
and middle school teachers who want to participate in
and help guide the changes that seem inevitable, It
contains a broad general introduction to compi ers
and to their educational applications. It also contains a
large number’ of applications for the elementary and
middle schoo! classroom, Many of these are ideas you
can use immediately, whether or not computers are
available in your school.

The elementary and middle school teacher is a gen-
eralist, responsible for instruction in a wide variety of
disciplines, A computer is a general-purpose aid to
problem solving. useful in every academic field. The
examples and activities discussed in this book are de-
signed to fit the needs of a generalist—a person with
multidisciplinary interest. No special. college level
knowledge of any particular discipline (sucn as mathe-
matics) is assumed.

-

Electronic Digital Computing Devices

In this book the word calculator refers to an elec-
tronic digital calculator that can add. subtract, multiply
and divide. Th2se range in price from about $6 to $600;
mast homes in the United States have onre or more.

Sirilarly, the word computer refers to an electronic
digital computer. It works with alphabetical and nu-
merical data coded in a digital form, using a binary
digital code. Electronic digital computers range in price
from about $200 to $12 millicn or more, Hundreds of
thousands of computers have been sold in the United
States. They are common in secondary schools and
higher education; they are rapidly becoming a com-
mon item in the elementary and middle school, and in
the home.

There are hundreds of items besides calculators and
computers that make use of electromc digital circuitry,
Examples include most new automobiles, many micro
wave ovens, electronic games and many new cofor
television sets. For the most part, we will not be dis-
cussing such devices in this book. Rather, we will focus
on the electronic digital computer, occasionally dis-
cussing calculators to help illustrate computer ideas.

The Brain Extender

We are all familiar with machines that supplement
and extend people’s physical capabilities. Examples in-
clude the car. train and airplane; telescope and micro-
scope: telephone and telegraph: radio and television;
eye glasses and hearing aids. The electronic digital
computer is a brain extender; it has the capability of
supplementing and extending people’s mental capa-
bilities.

T

«f,»l Yo

LRI o

The idea of a brain extender sounds like science fic-
tion, and perhaps is somewhat frightening, Two ex-
amples will help allay your fears. Suppose you were
reading a book and came across the word timoc-acy.
Chances are you would need to look it up in a diction-
ary. thereby using the dictionary as an extersion of
your memory and knowledge,

8
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Next, suppose you were solving a math problem and
found that you needed to know the square root of
897.48. Chances are you would key this number into a
calculator and push the square root key.

Use of a dictonary 15 taught in our educationat sys-
tem. We memorize the spelling and meaning of com-
monly used word3, and we learn to use a dictionary to
look up uncommon words or words we have forgotten.

Use of a calculator, iowever, 15 not yet commonly
built into our curnculum. Mathematics educators have
not yet agreed upon what calculations students should

memorize of learn to do mentally. which they should.

learn to do using penci and paper. and when ‘hey
should be allowed to use a calculator.

The problem of computers is much more complex,
because the range of capabilities is so much greater.
This range is continually being expanded via research,
as faster, cheaper, more capable machines become
avallable. For example, voice input to a computer 15
now possible, providing the vocabulary is sufficiently
limited. Twenty-five years from now a voicewriter
{voice dnven typewnter) may be common. Education
will be challenged to adjust to such technological ad-
vances.

Goals
This book has several goals. The major ones are:

* To help you cope with compulers as they come
into your school.

+ To help you prepare yvour students to cope with the
computerized aspects of life in school and in our
society.

* To provide a foundation 50 you can learn more
about computers in the future.

These are rather smbitious goals. Fortunately, we do
not start from scratch. It is assumed you are already
quite knowledgeoble about education. You have in-
sight into students. what they can learn anu how they
learn.

it is likely that you already know Guite a bit about cal-
culators and that you probably own one. If you have
not had a formal course on calculators. it is recom-
mended that you read Appendix A of this book. It pro-
vides a brief summary of some of the key ideas con-
taned 1n a book on calculators for elementary and mid-
dle school teachers, wnitten by this author.

Finally, whether you realize it or not, you know 2 lot
about computers. For example, consider our telephone
system. It 1s often hkened to a gigantic computer net-
work. The telephone system contains thousands of
computers. Dozens of these may come irto play 1n
routing and billing a long dist>ace phone call. The fac}
that all of this occurs automatically and very rapi-ly
tells you that computers can he easy o use and can
rapidly solve complicated probiems.

ONE—Introduction

-

It is likely that you have made use of an airline or
hotel reservation system You have received bills pre-
pared by computer, and you have received checks
printed by computer. Your income tax forms are
checked by a computar, and your social security
records are maintained by a computer. Thus, you
know that computers are widely used in our society and
that they alfect most of us in our everyday lives.

Unfortunately. you may also possess some incorrect
information. You have been exposed to the walking.
talking robots and computers of movies and television.
You may have read books about computers that at-
tempt to take over the world and subjugate the human
race. You have read newspaper and magazine anlicles
ahout computers, perhaps writen by people who have
little insight into the field. This incorrect information is
intermingled with your correct knowledre.

This book will help you to learn what computers are
currently doing, what they can do, and-what they can-
not do. It will correct your misconceptions as it adds to
your factual knowledge. While tiie main emphasis is
upon computers in education, much of the information
is of a more general nature. Thus, this book will help
you to.cope with the computer-oriented aspects of life
in our society.

. If you haven't already done 5o, go back and read the
Preface. it will help clarify the direction and intent of
this book. Note that, ideally, a course based on this
hook should include substantial hands-on experience
with computers. If you have not vet used a computer,
now is the time to gain this initial €xperience. If you are
enrolled in a formal course, your instructor should pro-
vide you with access to computers. If you are studying
on your own, you may be able to gain some computer
access via a neatby school. Alternatively, visit a store
t1,at sells computers. There are many thousands of such
stores now, and they will he happy to give you a
demanstrahen and scme hands-on experience. Here,
of conrse. you will have to listen to a sales pitch. Don’t
buy! Want until you know more and can judge whether
or not you really want or nead to own a computer.

Apblications

This book contains a number of s2ctions headed Ap-
plications. These contain activities and exercises suit-
able for use in an elementary or mig lle school class-
room. No attempt has been made to classify these ap-
plications by grade level; indeed. most can be wused
over a wide variely of grade levels. Also, you will find
that most of the applications do not require use of a
computer Compulers are still relatively rare in the ele-
mentary or middle school classroom. Thus, while a
teacher may have accesy 10 one Of twd microcom-
puters, it is very rare that a teacher has easy access 10 a
classroom set of these machines. This means that most
students will have to learn about computers via a mini-
mum of hands-on experiences.
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The applications in this book are designed to lay the
foundations for, and contribute to, computer lit2r>cy in
the elementary and middle school. But they are not de-
signed to be a complete, plan for computer literacy.
Computer literacy mstructlon must include substantial
hands-on experience. Students must interact with com-
puters in a variety of circumstances and ir a manner
designed to promote increased knowledge about com-
puters.

In particular, computer literacy includes learning to
use a computer g5 an exploratory tool to do with as one
sees fit. But the teaching of computer programming
and the general subject of students being in control of
computers is a large and difficult topic—certairly wor-
thy of an entire book, and more. This book does not
provide detailed instnuclion onteaching students 10 use
computers.

Some applications from this chapter are given below.
You should note that many are followed by a discus.
sion of the underlying purpose—what students will
learn if you use the appli ation in your classrcom. If
you do not have direct access 10 a classroom. you

_ shouid still read each application. This will heln solidify

your knowledge of the material being covered in the
text.

BRAIN

EXTENDER
ASSICNMENT

1. Provide the class with a collection of old magazines
containing lots of pictures, especially ads. Each stu-
dent is to prepare a short scrapbook containiag pic-
tures of different types of machines. Devote an en-
tire page to each type of machine. Cars, trucks.
busses and trains, for example. would all appear on
one page. For each page in the scrapbook. the stu-
dent is to write a brief report on what these
machines do, therr importance in our society and
how they extend the physical and/or mental capa-
bilities of peopia.

Machines are commonplace in the lives of all of
us, 50 we tend to accept them without thought. This
is a machine-awareness activity. designed to en-
courage students to think about machines. Since a
computer is merely 2 machine, albeit a 2ry sophis-
ticated vne. this i5 also a computer-readiness activi-
ty. Chaaces are your students will find pictures of
calculators and computers, since ithev are widely ad-
vertised. You can gain insight into what your students
know ahwout calculators and computers by reading
their brief reports on these machines.

2. What can be measured or counted, and what instru-
ments are used? This can be a class project, involving
the creation of scrapbook pages or wail posters.
Each contains a discussion of something that is mea-
sured of counted. along with the instruments that
may be used in the process. For example. a thermo-
meter measures temperature. It may consist of a
glass tube filled with colored alcohol or mercury that
expands when warmed. Temperature is stated in
degrees Celsius, where water freezes at 0 degrees C
and boils a1 100 degrees C.

A computer is a data processing machine. Often
e “data’’ consists of counts or measurements.
ing and measuring machines may be dicectly
hookec to a computer in order to provide immedi-
ate input of the data. Thus, this activity gives insight
nto compuer input devices. Counting, measuring
and classifying are fundamental to science, and
therefore this activity can be used as part of a science
unit. But counting and measuring also occur in
sports, in the social sciences, in music. and so on.
You can make a substantial contribution to your stu-
dents’ mathematical progress and awareness by em-
phasizing counting and measuring as they occur
naturally throughout the day’s curriculum.

. What are some aids to the human bram? This is a
suitable question for small group or class discussion.
One category of answers is books, while another is
penzil and paper. Other answers are machines such
as calculators and computers. The purpose of dis-
cussing this topic is to get students thinking about
what their brains can do and how it 15 possible to aid
the brain. Is a microscope or a telescope an aid to
the human brain? How about eye glasses or a hear-
ing aid? Do students think it is acceptable to make
use of these aids?

-

Exercises

Ia this book, the Exercises contain activities for the
reader. If this book is being used in a formal. college-
level course. then some of the exercises can be as-
signad.as homework. If you are studying this book on
yous own, read through the exercises. They will heipto
review the material, suggest things you are capable of
doing and enccurage you 1o apply and extend the
knowledge you are gaining.

n
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1. Select a school district. {If you are an inservice

teacher, select your school district.) Determine its
policy on teachung about calculators and computers
and in allowing their use in the elementary or middle
school, Write a brief report on your findings.

. Seleci an elementary or middle school. Determine

what calculator and computer facilities are available
for use by students. teachers. administrators and
support staff such as media specialists,. How and io
what extent arz these facilities used? ‘Write a bnef
report on your findings.

3. Think about how school curriculum is decided. How

does a new topic come into the school curriculum
and how does an old topic disappear? Write a brief
report on the key ideas refating to change in the
curricuium.

. Develop a short questionnaire designed to find out:

a. What calculator and compputer facilities are avail-
able in students’ homes. .

b. To what extent do students’ parents make use of
calculators and computers. either at home or on
the job.

6.

ONE-~—Introduction

Use this questionnatre with a class. The students will
need 1o get help from home in filling it out. Discuss
the results with the students and prepare a written
report on what you learn,

. Most teacher traming institutions require a sub-

stantial mathematics course for preservice elemen-
tary school teachers. Examine the course you took
or the course currently offered by the institution you
are attending. Does this course make use of and
teach about calculators ard computers? Discuss
your findings in light of the often quoted maxim that
people teach in the way they were taught.

Some people feel that calculators and computers will
make a substantial contribution to education. Others
fear that these machines will dehumanize education
and lead 1o students receiving a poorer quality edu-
cation. What are your feelings? Explore and express
them in light of your current knowledge about calcu-
lators and computers, Write down your feelings—
but just for yourself. Do not turn in your paper.
Rather. save it to return 10 after you have finished
reading this book. You may find that your feeiings
change with increased knowledge.




CHAPTER TWO

TECHNICAL OVERVIEW

One can learn 1o use a car, electric light, record play-
er, tape deck. radio, television or telzphone without
understanding the underlying technology. This is also
true with compuiers. Even preschool children can
learn to turn on a computer, load a program into pri-
mary storage and run the program. They have no trou-
ble fearning to interact with a program writters for
children their age, designed 1o hold their interest.

Why, then, do yous need a ‘echnical overview?
Certzinly you czn learn to use a computer without un-
derstanding how it works. Still, there are good reasons
for you 1o know more.

i. Computer technoulogy is changing very rapidly. A
good analogy is with the eary days of auto-
mobiles. In the eany 1900s, a car owner needed
to be able to service the vehicle and o admir.ster
to its particular needs,

Likewise, the computer field is still quite young,
and the development of very inexpensive compu-
ters—the o most apt 10 be used :a an ele-
mentary ornﬁ'lss?m'skh‘ool—is in its infancy. The
teacher who ventures Yo use a computer is still
somewhat of a pioneer, Without some technical
background s/he can easily flounder.

2. A computer is a quantitatively differ~nt type of
machine than others that can be easily mastered.
The computer has great versatility; it is a general
purpose aid to problen: solving. To appreciate or
understand this versatility, and to make effective
use of the computer in problem solving, takes
much more than a superficial knowledge.

Using a computer without undesstanding the
underlying technology is like readi~g without
knowing how to write-it is only half tr.e pictute.
One is completely denendent upon others to pro-
vide material 10 read. Moreover, it is difficult to
appreciate how hard it is to write well without the
experience of writing.

. The magic mus! be dispelled. Young children
often believe that there are small people inside a
television set, or they may have trouble under-
swanding how one can send “flowers by wire”
through such a thin wire! VWhat cosiipute. ¢an do
seems like magic even to adults, and some knowl-
edge of the underlying technology is needed to
understand the capabilities, applicatiors and limi-
tations of computers.

4. Computers have the potential 1~ cayse a major
change in both the content and process of edu-
cation. For this reason alone, afl teachers should
have a more than casual insight into these ma-
chines, . ,

5. Computers are an increasingly important part of
our technolagical society. As an educator yeu are
expected 40 be an educated person. It is expected
that you understand and can cope with varying as-
pects of life in our society, Thus you should know
about techindogy, and in particutar you should
know about comput-rs. o

_ The above argumerits notwithstanding, at this stage
of the history of computers we de not know what

9
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teachers should learn about computers. A number
of computer-education experts have expressed their
opinons via learned papers, books and speeches.
These opinions vary considerably, from a need for no
knowledge of underlying: technology to a need for a
sophisticated background in electrical engineering and
computer science,

In this book we take a middle-of-the-road approach.

This Technica! Overview chapter should be fairly easy- ,

readmg for almost any adult. No knowledge of elec-
tronic technolegy or binary arithmetic is either as-
sumed or taught. The ideas presented here could-all be
included in a precollege curriculum. Many are suited.to
the elementary or middle schoql.

r

_Hands-on Experience ..

At the end of the first chapter we asked you to obtain
. soine hands-on expcmnce with computers. ht is very
imporntant that yau do thist For some reason, many
adufts have an unreasonable fear of new technology.
- Children, of course, do riot have this problem.
By now it is assumed that you know how to do the
- following:

1. Turn on a microcomputer or gain acces to atime-
shared computer systen\.

2. Select a program from a program Ilbrary and load
it inmo primary storage (computer memory).

3. Run the program and interact with it.

4. Turn the microcomputer or time hared terminal
off.

It is also assumed that you have run a half dozen dif-
ferent programs. Thus, you have some insight into both
the physical machinery and the computer programs
that constitute a computer system.

. This “’how 10 use it” kixraiedge comes naturally to
children who are in a comy .»re¢-ich enviropment,
Children who have easy access to computers learn to.
use them by observing arc working with other child-
ren, and by observing adults. This is similar to the way
children learn to use a 1elevision set or a ste eo,

Microcomputers T

The most widely available computer system in homes
and precollege education is called a microcomputer.
This is not because of its small size, although a micro-
computer may be as small as a portable electric type-
writer or a hand-held calculator. Rather, the name
‘comes from the micfopracessor, the.superspeed suto-
mated computational unit that is the heant 6f th2
machine. A microprocessor is less than a cubic centi-
meter in size and may cost less than $10. This little
device contains the eguivalent of many thousands of

' transistors, resistors, cavacitors and othér electronic
components. It is called a large scale integrated circuit,
or a “chir.”” The latter name comes frem tne small

piece (chip) of silicon used in the manufacturing pro-
cess.

D TR T

The typncal mncrocomputer uses a typewriterstyle

k rd for input, a television screen for display of in-
pit and output, and some type of magnetic medium for /
permanent storage of programs and data. The cheapest
magnetic medium for storage of programs ano data is- a
gcassette tape recorder, which may cost between $30

‘and $100. Good quality cassette tapes, which will hold>,

i.a

several programs or. a substantial amour of data, cost
less-than.a.dollar ord rédiin large quantities.

An alternative 1o the cassette tape remrder is the
floppy disk. A floppy disk is a thin, circular, flexible
piece of plastic coated with the same material used on
magnetic tapes. There are two standard sizes, a 5%-

inch diameter disk and an 8-inch diameter disk. Aflop-  *

py disk drive costs between $400 and $1,000. The indi-
vidual floppy disks cost about $4 each, and hold a sub-
stantial number of programs andlor a large amount of
data. Magnetic tape and magnetic disk storage will be
discussed in greater detail later in this chapter.
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The least expensive factory-built microcomputer sys-
tems cost about $200. The most expensive large scale
computer system may cost $12 million or more. This
price range, a factor of about 60,000 between the least
expensive and the top of the line, is mind boggling.
What other consumer item has such a variance in
price? Obviously, there is considerable difference be-
tween a $200 computer system and a $12 million com-
puter system. Some >f these differences emerge as we
study computer hardware in more detail.

Computer Software

A computer system consists of Doth physical
machinery, calied hardware. and computer giograms.
called software. Roth hardware and software are re-
quired if the computer system is to function. Inthis sec-
tion we give a brirf introduction to softvvare by dis-
cussing the idea of a procedure which can be carried
out by a machine. Chapter 6 of this book is devoted
mainly to this very important topic. After this section,
the remainder of the current chap.er focuses on hard-
ware.

A computer program is 1 detailed set of instructions
which tells a comput-- what to do. Computer scientists
have defined a somewhat more general idea, called a
procedure, 35 follows:

A procedure is a finite set of instructions {steps) that
can be mechanically interpreted and carried out by
a specified agent.

A procedure is a specification of how to sclve a par-
ticular type of problem or accomplish a particular task.
Notice th at there are three main parts to the definition:

1. Afinite set of instructions or steps; that is, a detailed
step by step set of instructions that can be written
into a book or stored in a computer memory.

'? 2. The instructions can be mechanically interpreted

and carried out. This means the instructions are
simple, straightforward, unambiguous. They can
be ‘“figured out”” and carried out in a machine-
like, nonthinking fashion.

3. An agent k specified. Computer scientists are
especially interested in procedures in which the
agent is a computer, or a person working with a
computer.

For educational purposes it is instructive to think of
the word procedure in a much broader context than
just with computers. We learn p-ocedures for tying a
shoe, tuning a TV set, cooking an egg. starting a car,
looking up a word in 2 dictionary. Much of education.
both formal and informal, consists of learning pro-
cedures to cope with specific problem situations. Often
the agent in these procedures is a human being. trained
to function in a machine-like fashion.

Many of the procedures we learn involve use of ma.
chines. You probably know procedures for using a
washing machine and clothes dryer to clean your laun-

TWO—Technical Overview

dry; using a telephone book and a telenhone to {3lk to
someone; using a record player or tape player to pro-
duce beautiful music; using a calculator to find the

E % AN

quotient of two numbers.

It is interesting to examine papar and pencil arith-
metic as a procedure, The agent is A person working
with paper and p-2ncil. The person memorizes number
facts (the one digit addition and multiplication tables,
and so on} and the algorithms. Then the person. with
little or no thinking. acts mechanically as part of the
agend in carrying out a complicated calculation such as
a long division. Continual drill and practice is required
to develop speed and accuracy; we strive to make the
person increasingly machine-like in this task.

The term “machine-like” perhaps needs some addi-
trcnal explanation. Instruction in arithmetic for very
young students includes considerable work with mani-
pulatives (concrete objects). Later, students learn to
work with the abstract symbols such as the digits and
the operation symbols. £ventually students reach the
level where they begin to learn algorithms for working
with multidigit quantities. Frequently, a considerable
effort is made to motivate and explain these algorithms.
S0, at least initially. the student may have some insight
into how the steps of the algorithm relate to the prob-
lem being solved. However, in most cases this is even-
tually lost. Through continual drill and practice, the stu-
dent is expected to develop speed and accuracy in
tasks such as multiplication, or adding a column of
multidigit numbers. The student is expected to become
more and more machine-like in carrying out these
tasks. :

An alternative, of course, is to provide the person
with a machine that can do more of the task. A pocket
calculator is such a machine. A procedure to find a
quotient of two numhers is as follows:

1. Turn on calculator,
2. Key in first number,

14
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3.-Push the + key.
4. Key in second number,
5. Push the = key.

The machine then automatically carries out the de-
tailed steps of a long division algorithm and displays the
answer.

if you have studied Appendix A of this book or some
equivalent material on calculators, you realize the role
that computation plays in problem solving. Computa-

“tion isimportant, but is no substitute for the human un-
derstanding. analyzing. planning, interpreting and ap-
plying that goes on in the overall pr&cess of solving a
problem.

A procedure to be followed by a computer is called a
computer program. The terms computer software, soft-
ware, computer program, program. computer proce-
dure and procedure tend to be used interchangeably
by computer scientists. There are some problems
whose solu#’ons may require following procedures tak-
ing million® or even billions of steps. A medium scale
computer system may be able to execute these steps at
tne rate of a million per second.

It is important to understand that people create com-
puter software. Without this software a computer does
nothing—solves no problem. But the person who uses
a computer need riot be the person who created the
software, any more than it need be the person who
built the hardware. The next time you use a comp uter.
think about the computer program you are using. Keep
in mind that it is merely a step by step set of instruc-
tions, written by a human, that is being mechanically
interpreted and executed by some hardware. A com-
puter system's capabilities are determined by the
nature and extent of its software as well asits haidware.

Applications

1. Students at all grade levels know prccedures to
solve various everyday problems. For example,
students get up in the morning. get dressed, eat
breakfast and go to school. All of these activities tend
to become routine, and so are accomplished with lit-
tle thought. Have students in the class, individually
or colfectively. identify familiar procedures. For each
procedure, indicate the problem solved and the
agent. The agent for waking up in the morning may
be a parent, an alarm clock or a neighbor's rooster.

The idea of a procedure may be newto you. and is
likely new to your students. It is a powerful. useful
idea that is applicable in all academic disciplines.
The above activity. anc the ones which follow, are
"procedure-awareness’” activities. They are de-
signed to help you introduce an important concept
into the curriculum,

2. Have your students practice looking up words in a
dictionary. Then divide the class into teams of two
and give each team a word to look up. One member

of the team acts as the agent while the second gives

‘directions. The person giving directions is not al-
lowed to see the dictionary and the person using the
dictionary is only allowed to follow the detailed in-
structions being provided by hisfher partner. After a
word has been found, switch roles. The purpose of
this activity is to help students understand the details
of the step by step process we casually cali ““using a
dictionary."’

3. Music can be in a written form, a player pian® roll.
on magnetic tape or on a record. The agent in per-
forming or playing the music is different in each
case. Have students identify the agent and discuss
the relative quality of the music, with the advantages
and disadvantages of each. Then. have students
think of other problems which can be solved by a
variety of human and mechanical methods. For
each, identify the agent. Weaving or knitting pro-
vides an interesting example. The purpose of this ac-
tivity is 1o help students see that a problem may be
solved by a variety of procedures and agents. There
are advantages and disadvantages 1o each pro-
cedure.

4. Many students think it is "cheating” 1o yuse a cal-
culator. Explore this idea with your students. Have
those who think it is cheating e€xplain why. Have stu-
dents who think it is okay 10 use calculators explain
why. An activity [ike this helps students to under-
stand other's viewpoints, and to formuiate their
own. .

5. Select an arithmetic calculation at a level appro-
priate 1o your students. For example, fifih graders
may be fdoing multidigit multiplication. Give a prob-
lem to a pair of students. One student uses pencil
and paper. doing exactly what the second student
says. The second stydent gives the directions, telling
the first student what to write and where to write it.

Remember, instructions from the second student
to the first must be very explicit. Forexample, the se-
"cond student may say, "“Write down the mubipli-
cation problem 635 times 87,”" expecting the follow-
ing:
635
x 87

But the agent might instead write:

THE MULTIPLICATION PROBLEM 5IX HUNDRED
THIRTY-FIVE TIMES EIGHTY-SEVEN

Let each student practice in each role. This activity
illustrates how complex the arithmetic algorithms
are. It should give you some insight into why stu-
dents often make errors in paper and pencil cal-
culation.
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Exercises

1. Suppose you have a set of cards, each containing the
name of a student. Yoy know a procedure for al-
phabetizing this set of cards. Write it down in a form
that can be understood and followed by a sixih
grader. (This 15 a difficult exercise; most people have
had little practice in writing down the details of a
complex procedure.}

2. Repeat Exercise 1, assuming that each student has a
different student number, the goal being to arrange
them in increasing order Discuss in what ways your
two procedures are alike, and how they differ.

3. A recipe 1s a procedure for preparing food, while a
knitting pattern is a proceduré for turning yarn into a
garment. Name other types of procedures. For each,
specify the usual agent and the problem being solv-
ed. : ) .

4. The Federal Government provides a detailed set of
instructions—a procedure—for preparing a federal
mcome tax return. Learning to be the agent who
reads, interprets and executes this procedure 's a
difficult task. An alternative solution to preparing
your own task return is 10 hire someone 16 do it for
you. :

a. Discuss the educational ramifications of these two
methods of solving the income tax return prob-
lem.

0. Give another exampie with similar characteristics,

This exercise itlustrates a very key idea. There 1s adif-
ference between understanding the problem to be
solved and being the agent that solves it. There are
many problems that can be solved by a computer.
Thus, the educational issue becomes one of decid-
s ing what students should learn to do unaided by
machine and what they should be able to do aided
by an appropriate machine. This issue has existed
since the beginning of formal education, and each
new machine adds new dialogue and controversy to
it. The computer is such a powerful and versatile
machine that it greatly exacerbates the issue.

5. Grayson Wheatley, a well.known mathematics edu-
cator, discusses calculators and elementary school
arithmetic in an article that appeared in the Decem-
ber 1980 issue of The Arithmetic Teacher. In this ar-
ticle, Wheatley indicates that approximately two
years of a typical student’s mathematics education
time in grades 1-9 is spent developing paper and
pencil long division skill. Grayson Wheatley recom-
mends that we drop the teaching of paper and pencil
multidigit long division from the curriculum and in-
stead give students calculators,

Discuss the merits of cutting in half the time spent
on paper and pencil long division and giving stu-
dents calculators. The time saved would be used on
other mathematics topics such as problem solving.

TWO—Technical Overview

Computer Hardware

Computer hardware is the physical machinery of a
computer system. It is designed for the input, storage,
manipulation and output of a set of symbols. The set of
symbols a particular computer uses is called its char-
acter set. The character set for an inexpensive micro-
computer may consist of the upper case letters, digits
and punctuation marks found on an ordinary type-
writer. _

A computer’s character set may also include lower
case letters andfor special graphics characters. The lat-
ter may be designed to aid in the construction and out-
put of engineering drawings or pictures.

There are two very important aspects to a computer’s
manipulative abilities. First, it functions automatically,
following instructions from a program stored in its
metnory. Second, it is fast. A medium-priced cornputer
¢an execute a million program steps per second.

A diagram of the main hardware components of a
computer system is given below. We will discuss each
of these five main components. Keep in mind that a
computer system may range in price from about $200
to $12 million or more. The nore expensive system
tends to have more and varied input and output units,
greater speed and reliability, and greater primary and
secondary storage capacity.

Input Cwniral
Proacessi
Unitls) "9
-I Unit Secondary
Output J Primary Storage
Storage
Linlt L

Input Devices

Many computers yse an electric typewriter keyboard
for input. Anything that can be typed can be input into
the computer. The hardware converts the physical mo-
tion of a key being stroked into an electrical code for
the key’s symbol, and stores it In computer memory.

There are many other compute. input devices. You
are probably familiar with punched cards, often calfed
“IBM” cards, The patterns of holesin a card are codes
for characters. A card reader sensgs these patterns of
holes, converts them into electrical impulses and stores
the characters 1n a computer memory,

Optical scanners constitute another important cate
gory of computer input devices. The simplest of these
read mark sense cards and mark sense scan sheets. You
are familiar with the latter, since tliey are often used as
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answer sheets for tests to be machine scored. A more
sophisticated example 1s provided by the bar code on
grocery store items. A pattern of bars of varying width
and spaang 15 A code for a manufacturing firm’s
number and an tem number. A faser light 1s ysed to
“read”” the bar code. The reflected light goes into a
reading mechamism that translates it into an electrical
representation of the characters in the bar code.

Character recogition is now 4 well-developed tech-
nology. Computer input devices that can read a type-
wrilten of typeset page are in widespread use, An en-
tire page can be read in a few seconds. S0me of these
machines can read carefully handprinted numbers and
letters. However, computer recognition of ordinary
handwriting is still a research problem? This is notsur-
prising, ssnce many people have trouble even reading
their own handwriting!

Another form of character recognition is used on all
bank checks processed in the United States. Look "
the fower left corner of a-check. You will find an ac®
count number printed in magnetic ink. This ink con-
tains tiny iron oxlde particles. The reading head of a
magnetic tnk character recogniton machine magne-
tizes these particles and uses a magnetic field aetector
to read thc characters. When a check is being pro-
cessed by a bank, the amount is printed in magnetic ink
characters in the lower right corner by a data entry
clerk. Once this has been done, the bank’s magnetic
ink character recognition machine can read both the
account number and amount of the check, so thatfur-
ther processing can be highly autpmated.

The final input device we will consider is the general

category of sensing devices. Sensing the movements of |

a knob of lever in a hand control for a TV video game
provide a common example. Devices can be built to
sense lemperature, pressure, velocity or acceleration.
These measurements are cohverted into digital form

and input to a computer. The computer can then be

used ) control a process. For example,’ a computer-
1zed thermostat system senses the temperature at a
number of places throughout an office building. The
computer, taking into consideration the time of day,
weather conditions and number of employees, opens
and closes air vents and adjusts air condtioners and fur-
naces.

There are many more inpul dewces. some especially
useful in education. Examples include voice input,
touch sensitive display screens} light pens, graphics

tablets and television cameras. Each ha. educational
value and educatiopal implications. For example, con-
sider a touch sensitive screen and/or voice mput. Each
can be used with non-readers. They may be quite
useful in teaching young students to read ur inworking
with handicapped students.

Al one time the cost of touch panels, voice unpul.
graphics tablets, etc. was quite high. gut that time is
now past. More and more we will find that these are
available to computer users throughout business and
education, and 2t home. As appropriate educational
software is developed to take advantage of these com-
puter hardware facilities. we can expect their use to
grow rapidly.

Applications

1. Most grocery store jtems are labeled with a bar code.
designed to be read by a las.r device. Usually the
numerical values :epresented by the bar code are
printed below the bars. Each major food processing
company ‘n the United States has a code number,
and eah focd it~m it produces has a code number.
Thus, when *is information is input to a computer,
it can "look up’’ the current price and ring it up on
the cash register.

Have students collect labels containing bar codes
from a large variety of food items. Help them to dis-
cover that each company has a unique number. and
that different food items from a cornpany have dif-
ferent numbers.

Discuss with the studemis how the bar code helps
the grocery checkout clerk do hisfher.job, and other
possible applications such as inventory control and
daily sales analysis. Discuss disadvantages of having
such a checkout ;vstem in a sture. For example. a
clerk using this machinery mray require less training
and experience than one using less sophisticated
equipment, ard consequently receive a lower rate of
pay. A con pulter awareness activity such as this can
easily lead to serious discussion of the social conse-
quences of computers.

b



: | APPENDIX A

- CALCULATORS

Calculators are of increasing impontance in schools,
homes, and places of business. It i$ |kely that you own

cone and have had considerable experience in using it.

The inexpensive electronic pocket calculator has many
features in common with a general purpose compinter,
Indeed. one way to begin one’s study of computers is
via a course on calculators. This Appendix provides a
brief overview of some of the key ideas one might find
in a calculator course for elementary and middle
school teachers. f you have not studied the material of
such a course, then an hour or so spent on this Appen-
dix will help you considerably as you begin to learn
about computers.

Most inexpensive calculators use algebraic logic, and
it is very easy to learn how to use such a machine. To
divide 2497.608 by 83.7, one merely keys

ZAPMUEB0E HEBEBCELDE .

The typical adult learns to add, subtract. multiply, and
divide on such a machine in a minute or two. {Grade
school students may take a little longer to master calkcu-
lators to this level, but even for them learning to use a
calculator is ““no big deal.”’} We assume that you have
this level of calculator knowledge. Also, we assume
you understand the use of the CLEAR key [C] and the
CLEAR ENTRY key KCH .

However, an elementary or middle school teacher
needsto know more about calculators if sthe is to make
effeciive use of the,n for instructional purposes. A de-
tailed treatment of this topic is given in the book Calcu-
fators in the Classroom: With Applications for the Ele-
mentary and Middle School Teacher, by David Mour-
sund {published by John W"'ay and Sons, 1981}. The
ideas which follow are all covered in that book.

Problem Solving

The most important goal of mathematics 2ducation is

to help students learn to solve math problems. A cal--

culator is designed as an aid in solving ceftain types of
math problems. Many of these problems can be solved
by following a five-step plan. Examine the steps given
below, and decide for yourself where you think a
calculator is a useful aid.

1. Understand the problem.

2. Represent the quantities, knowns and unknowns,
relevant to the problem.

3. Plan a method of attack.

4, Execute (that is, carry.out} the plan.

5. Examine the results for correctness and maaning-
fulness.

Caleulation may be necessary or useful at every step.
However, the greatest amount of calculation is apt to
occur in the execute step {step 4}, and it is here that a
calculator is most useful.

It is important to realize that computation by itself
solves o mathematics problem. A calculator is in no
sense a replacement for a mathem atics curticulum. But
a person equipped with a calculator has a considerable
problem-solving advantage over others who do not yse
a caiculator,

-

Modes of Calculation
Commonly used modes or methods of calculation in-
clude:

1. Mental arithmetic, exact or approximate.
2. Pencil and paper arithmetic.
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3. Use of math tables, including tax tables, navi-
gational tables. sales tax tables, and so on.

4. Use of machine aids such as the abacus, slide rule,
calculator and computer.

The role of pencil and paper needs to be made clear.
First, all pencil and paper algorithms are actually men-
tal aritbmetic algorithms, in which one uses pencil and
paper to record intermediate results and final results.
Second. pencil and paper are indispensible aids to
mathematical problem solving even if one has un-
limited use of a Calculator. Imagine trying to develop a
plan of attack on a complicated problem without being
allowed to draw diagrams, write down your ideas.
write down formulas, and so on. .

In any event. mental arithmetic is by far the most
commonly used mode of calculation. It has been esti-
mated that 75% of all arithmetic an ordinary person
needs to do in everyday life can easily be done men-
tally. Most teachers agree thai our current mathematics
curriculum is especially weak in helping students to
develop good riental estimation skills. All students
should develop good mental arithmetic skills, both €x-
act and approximate. This is true regardless of how
readily available calculators may become. Mental
calculations are quicker and mare convenient than use
of a calculator in a majority of computational situa-
tions.

Changes in technology change the computational
aids people use. Both the abacus and the slide rule are
of declining importance. while the calculator and com-
puter are of increasing importance. Such changrs can
have a significant impact upon the curriculum. Mathe-
matics education leaders in the United States are quite
supportive of the use of calculators in education. The
National Council of Teachers of Mathematics has been
supportive of calculator usage since the mid 1970s. In
198C they issued a statement on math goals for the
1980s in which they piaced very strong emphasis on
the use of cawulators and computers.

Mathematics education leaders are suggesting de-
creased emphasis upon pencil and paper computation.
'The time saved could be spent gaini..g increased men-
tal arithmetic skills, learning to use machines such as
calculators and comiputers, and developing better
problem-solving skills.

Getting Correct Answe"s

We frequently read abou. computer errors, where a
computer is blamed for sending out incorrect tax bills
or for printing ncorrect payroll checks. But we never
read about calculator errors in the same vein.

A calculator, like a computer. is a machine. The
machine can malfunction; its circuitry can calculate
incorrectly. But most calculator eirors are actua'ly
human errors--the ‘ault lies with the person using the
machine. (It turns ou: that the same holds true for com-
puter errors.)

Each time a person uses a calculator sfhe should test

the machine. This 1s done by perfomiing some calcu-
fations mentally and on the machine, and comparing
results. Select calculations to test the [+, [ [X].
‘ . , and digit key circuitry. if the machine
checks out okay on simple calculations, then it is highly
probable that the circuitry will perform correctly on all
calculations.

It is easy to err when using a calculator. One reads
numbers or operations incorrectly, pushes wrong keys,
makes an order of operation error, etc. The order of
operation error is frequent in chain calculations such
as Bl & 2 . S5ome calculators will give 1.
for the answer to this calculation, while others will give
3.4. That is, some will calculate {3+2)/5 while others
calculate 3 + (2/5). The calculator user must understand
whal calculation is 1o be performed and how the par-
ticular calculator being used actually functions in a
chain calculation.

tost calculator errors can be detected by one of the
following methods:

1, Do it twice- Do each calculation wwice, working
in a different order if possible. {Check division by
multiplication.)

2. Use mental arithmetic.

The latter is most important. if one understands the
problem being solved. thinks about the meaning of the
numbers, and makes appropriate mental approxima-
tions, then most calculatos errors can be detected.

The key point is that a calculator is a machine. A per-
son who chooses to use a calculator should be aware of
its capabilities and limitations. It is the person. not the
machine, who must take ultimate responsibility for
wrong answers. The person must understand the prob-
lerm being solved well enough to detect errors, whether
human or machine produced.

Calculator Functions

A fourfundion calculator performs the four func-
tions commonly called addition. subtraction, multipli-
cation. and division. Many calculators also perferm the
funchionsy—(square root} and % (percent). It is pos-
sible to build . handheld calculator that can perform 50
10 100 or more different functions at the press of a key
or two. Some of these, such as squaring @ number or
taking the reciprocal of a nuinber. are suitable for stidy
by elementary and middle school students. Others,
such as trigonometric and statistical functions, are rot
of nterest at this level.

A function is a mapping from 9102 mathematical set
into another. One can speak of input to a function and"
output from a function. A calculator function takes one
of more numbers as input and produces a number as
output. Thus, addition is a function with two inputs,
while square root requires a single inptit.

The idea of a function is one of the most important
ideas in afl of mathematics. Foundations for learning
about junctions are laid in elementary school mathe-
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matics instruction. A calculator, and instruction about
calculators, can be a valuable aid in helping students
learn about functions.

Closely related tG the concept of & function is the
concept of a formula. A formula such as A=Lw or P=
2L+ 2W represents a pian for solving a particular proo-
lem under consideration. A formula can be used to
determine an unknown value from known values. For
example, the area and perimeter of a rectangle can be
determined if the length and width are known. For a
formula such as P= 2L+ 2W, one can think of inputting
the values of L and W, and producing as output the
value of P. This is similar to what a function does.

Functions and formulas are key aspects of computer
programming; work with functions atd formulas pro-
vides a foundation quite useful in eventually learning to
program a computer. But alternatively. learning to pro-
gram a computer provides a foundation for the study of
funations and formulas. As instruction in computer pro-
gramming becomes more common in elementary and
middle schools. there will need to be substaniial
changes in mathematics education at higher grade
levels.. ’

Calculator Memory

Every calculator has two kinds of memory—tem-
porary and permanent. Consider the keying sequence
(4 EI . The nummbers 4 and 3, and the operation
+, are stored temporafily in memory. Pushing = tells
the machine to carry out the (stored) operation on the
(stored) numbers. It does this by following a detailed
step by step set of directions stored in parmanent
memory. Algorithms for +, —, X, +, and all the other
built-in functions are siored in permanerit memory.
Many calculators have additional temporary memory
and keys such as M4 , . . and
Such extra memory is useful in dealing with fractions
and in multi-part calculations such as

B89.74x63.8 + 3897.5+48.2,

Part 1 Part 27

The calculation fo: Part 1is completed and the result is
stored in a memory location. Then the Part 2 calcu-
lation is performed. The result is combined with the
previously stored answer 1G complete the calculation.
A valculator may also have permanent or temporary
external memory. This may be a plug-in cartridge. a
marnetic card, or a magnetic strip. It is possible to have
a library of programs (detailed step-by-step sets of d-
rections) that can be input to the calculator as needed.
A calculator with this feature is called a programmable
calculator, {Note that some inexpensive programmable
calculators do not have provisions for an external
memory. Programs may be stored in written form-and
keyed into the calculator when needed.) All of these
calculator memory ideas carn over 1o computers.

8i
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Calculator Arithmetic

The calculator num:ber line is limited in length and
has only a finite number of points. This is quite different
from the real number line. Thus, as is to be expected.
calcutator arthmetic is not always the same as real
arnhmetc. Each of the aspects of calculator arithmetic
discussed below carries over to computer arithmetic.

As a simp'e example, 10+ 3=3.3333233 on an 8-digit
caiculator. ‘While this difference from real arithmetic is
small. it can be significant in some problems. One
place such differences may be encountered is in check-
ing division problems. On a calculator 47.6+23.7=
2.0084288. When the answer is multiplied by 23.7 the
result is 47.599999. One must recognize that this is
nearly 47.6 1o see that the calculator-produced division
answer is probably correct.

Tne firite length of the calculator number line allows
a calculation to overflow, producing an answer that lies
outside this line. Also, it is possible that a calculation
will unexpectedly produce an answer of (. For ex-
ample, on ap 8-digit machine not using scientific no-
tation, the calculation .0002251x.0000084 and the cal-
culation .00037 + 89438 each produce Q. This is called
an underflow.

Scientific Notation

Scientists often encounter very large numbers and
very small numbers. They write these as a decimal frac-
tion part times a power of 10,

84.692,000,000.000~ 8.4692x *0"
.0000000J3594=3 594x 10

Some calculators are designed to work with scientific
notation numbers. Often such calculators are called
*shde rule’” calculators and contain a number of built-
in trigonometric functions and cther functions from
higher mathematics. The number line on such a calcu-
lator may extend from —9.99959x 10* to +9.99939x
10%. while this line is fonger than the number line on a
simple 8-dig:t calculator, the problems of overflow and
underflow can still occur.

A computer may make use of several different num-
ber systems. A scientific notation number system is an
inherent part of Basic and many other pro_famming

languages.

Guess and Check

The methods of problem solving we teach in schools
are dependent upon the modes of calculation
available. One general-purpose method of problem
solving, called guess and check, may involve a large
amount of calculation. Thus, it is highly desirable to
have a calculator or computer available when using the
guess and check method. To illustrate guess and check,
suppose you needed to know the cube root of 17 ac-
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cutate to one decimal place. You could proceed as
follows:

Calculation
Step # Guess  Mode Result Conciusion
1 2 Mental 23=8 Too low
2 3 Mernal =27 Too high
3 2.5 Calculator 2.5*=15.62S Too low
4 27  Calculator 2.73=19.683 Too high
S 26 Calculator 2.63=172.576

We conclude by systematic guess and check that 2.6 is
the desired answer,

Using a calculator, one may make several dozen
trials to solve a problem. The amount of effort reguired,
or the amount of time it takes, is nct too great because
a calculator is quite fast.

A computer may be a million times as fast as a simple
calculator. Using a computer it is reasonable 0 make
many millions of guessés when using guess and check
to solve a problem. The ability to systematically make
millions of different trials is a very powerful aid to prob-
lem solving. As a conszquence of calculators and
computers, the guess and check method of problem
solving should have increased importance in the cur-
riculum.

Calculators in Education

Some pecple mistakenly believe that the main goal of
mathematics education is to acquire a high level of skill
in p2 per and pencil calculation. To such people the cal-
culator is a considerable threat. What wili the students
do if they are not spending their daily math time prac-
ticing paper and pencil calculations?

The answer is that they will have more time to learn
mathematics and mathematical problem solving. They
will have more time to develop mental anthmetic skills.
both exact and approximate. They will have more time
to learn about calculators. calculator functions, and
calculator memory. They will have more time to learn
about computers.

Fencil and paper arithmatic will not and shoutd not
disappear. Indeed, it isto be preferred over a calculator
in simple additions and subtractions such as in keeping
score for a bridge game. But clearly this mode of cal-
culation is decreasing in importance. As with any
change in education, the change process is slow and
difficult.

A calculator is a very modest tool as compared to a
computer. But even calculators can serve as a basis for
a substantial change in mathematics education. For this
change to occur. elementary and middle <chool teach-
ers must become knowledgeable about the capabilities
and educational ramifications of calculators.




2. Ask students 'n your class if they have ever used a
typewriter, Have them tell abou} it. and whether
they enjoyed it. Bring a typewriter 10 your class-
room. Let students use it to type out their names
andfor a shurt story. Have students compare their
typing sperd with their writing speed. Point out that
most peopie can learn 10 type 50-50 words per
minute, given adequate training and practice.

An activity such as this serves several purposes. it
fanlliarizes stuoents with a common machine, one
which they may not have previously encountered. it
153 “‘fun’’ machine. 50 most students wiil enjoy using
it. A keyboard terminal 1s a common computer input
device. Thus, this is a good computer-readiness ac-
tivity. The measurement of writing and typing speeds
is a good application of mathematics and of timing
devices.

. Each column on the standard 80 column punch card
can contain dne character. Digits are coded by a
single punched hole, letters by two holes and special
characters by three holes. Give each student a de-
coder card punched with the digiis, letters and
special characters and printed along the top. Then
give each student a card containing a message that
has been punched. but not printed on the top of the
card. The task is to decode the ""sectet’” message.
The same decoder card can be used to decipher bills
the students’ parents receive on punched cards.

The main purpose of this activity is to familiarize
students with punched cards and the idea that
characters can be coded as patterns of holes. The
patterns of holes are easily read by a machine, while
a person more easily reads the printed characters on
the top of a card.

. Divide students into two-person tearas and give each
team a calculator and a set of calculations. The team
memoer with the calculator serves as the calculator's
ears and voice. This team member can receive and
carry out spoken instructions such as:

TURN ON

ENTER FIVE THREE POINT SEVEN
ENTER TIMES

ENTER FQUR POINT SIX

ENTER EQU4LS

OUTPUT ANSWER

One team member reads a problem. gives the in-
structions, and records the final answer. The other
uses the caiculator.

This actwity gives students practice in giving and
receiving instructions. It iliustrates how a voice input
and voice output calculator or computer might
work.

Exercises

1. Agoad typrst can type 60 words per menute, figuring
an average of five characters per ‘word. A punched

TWO-—Technical Overview

card con ccnain 80 characters. and a high speed
cardreader can read 1000 cards per minute. How
many words ner minute is this. and Sow many times
as fast as'a good typist ; it?

.Suppose that matenal has been typed double
spaced. so there are about 72 characters per line and
30 bines per page. An optici sranner can read this
mater:al at the rate of one page every three seconds.
Compare this spred with that of the typist and the
cardreader of Exercise 1.

3. A good (human) reader can read 500 words per
minute. Compare this speed with the cardreader of
Fxerase 1 and the optiral scanner of Exercise 2.

4. Many grocery stores now have electronic scalescon-
nected to their cash registers. Talk to a grocery store
clerk to learn how these machines work. Write a
bricf report on wnat you learn, inciuding . clerk’s
attitude towards this comj:uter technology. Does the
existence and widespread use of electronic digital
scales have a potential impact upon the content of
the elemeatary or middle scheol curriculum?

Output Devices

An ele-tronic typewriter can be modified to serve
botk as a computer input device and ouiput device.
Such a keyboard :_,-mnal prints the computer output
on ordinary sheets or tolls of paper, and is called a
hardcopy terminal. The term “hasdcopy”” is use ! to
distinguish thus permanent printed output {rot % a non-
permanent screen display. sometimes called softcopy
outout. Haracopy terminals often ust odser forms of
ponting mechanisms «=d may require special paper.
suzh as heat sensitive paper,

The least expensive screen display keyboard ter-
minals use a television set. or a modified television set,
as a display mechanism. The display screen of a TV set
is a cathode ray 'ebe (CRTY CRT’s are also used in ps-
cilloscopes and in cther eiectronic cisplay mechan.
ism3. Higher yuality screen display keyboard terminals
use higher quality, higher resolution, CRT displays.

with a irigher resolution display. one candraw intricate
architectural or engineen. g drawvings. graphs and pic-
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tures. The field of computer graphics has emerged a5
an impontant aspect of computer science.

The TV set used as a computer output device may be
a black and white set. but it may also be a color set. In-
deed, color »itput 15 now quite commeon, This certain-
ly adds a new dimension to computers in education.
Some of the educational materials now available are
more than adequate competition for the Saturday
morning cartoons on TV!

The printing speed of a hardcopy keyboard ter.
minal can vary wadely. depending upon price and
quality. The old fashioned model 33 and model 35
Teletypes. owce widely used as computer terminals,
print 10 chatacters per second. Many of the newer
hardcopy keyboard terminals have printing speeds of
30 to 60 characters per second. or even higher. A typ-
ist's speed 15 often stated in words per minute, figuring
an average of five characters per word. Thus, a printing
speed of 10 characters per second is two words per se-
cond, or 120 words per,minute. A printing speed of 60
characters per second is equivalent to typing 720 words
pe1 minute, or about 10times the speed of a good typist.

But such printing speeds are slow, relative to those
available on line printers. A line printer prints an entire
Iine nearly simul:aneously. Printing speeds of 300 lines
per minute up to 2000 lines per minute are possible on
impact printers. {n an impact printer. a hammer presses
ar inked nbbon against the paper. as in a typewriter.
Use of a xerox (non-impact} printing process allows
speed up to 20.0C0 lines per minuie. Line printers
generally have long carriages, allowing lines longer
than will fit on a notebook-sized page. A line length of
132 characters is common. Thus, a line printer may
print tens of thousands, or even hundreds of tlhousands
of words per minute.

Scientists. engineers and architects frequently make
use of a computer output (levice called a plotter. A
plotter contains one or more pen mechanisms. Under
computer control. the pen is quickly positioned at de-
sired spots on a paper, raised or lowered, and moved
rapidly. (Some plotiers move both the pen and the
paper, whil2 others move only the pen.) Pen move-
ments as short as a hundredth of s inch, with several

hundred pen movements per second. are possible. A
plotter may have several pens with different colors of
ink. Quite intricate and colosful patterns or drawings
can be output by a plotter.

There are many gther types of computer output de-
vices. For example, a computer can prepare punched
cards, print on microfiim or on larger photographic
plates 10 be used in photo typesetting, 1un a Braille
writer, output music. or even output voice, Also, com-
puters can be used to control devices such as furnaces,
air conditioners. all kinds of factory machinery, air-
planes and rockets. A large pant of all the computer
equipment currentlv being produced is actually being
used in such process ~ontrol applications

Sophisticated input and output devices can be com-
bined to make tools especially valuable in education of
the handicapped. A hand-held, battery powered ‘‘talk-
ing” calculator has been commercially available since
the latter pant of the 1970s. As each key is depressed,
the calculator speaks {(provides voice outpt?) of the
key’s symbol. After an answer has been calculated. the
calculator can be directed to speak its digits. Needless
to say. the talking calculator is quite useful to blind stu-
dents. .

As another example of use of sophisticated computer
technology. one can now purchase a reading machine,
designed to be used by biind people. which has a TV
camera as an “‘eye” for reading boo’ s and other printed
material. it uses a voice synthesizer to speak what it
reads. This machine. developed in the latter pant of the
1970s. is an excellent example of how computer tech.
nology can make a very imponant difference in the
lives of many people.

Apptlications

1. Ask your class if they have ever seen a robot oti tele-
vision or in a movie. Get them to list the robot char-
acters they have seen, {Likely they will incorrectly in-
clude Steve Austin and Jamie Summers. who are
merely “*bionic.”’) Discuss with the class the input
and output mechanisms <f these robots. Help them
to understand that these are fictional characters and
that real-world computerized robots do not have
such verbal and aural skills or intelligence.

The purpose of an activity such as this is to help
siudents begin to distinguish fiction from reality.
There ate many aspects of computers that seem
almost like fiction even to computer sCientists who
work with them on a daily basis. Thus, it is not sur-
prising that fiction is confused with reality by most
children and many adults.

. High speed computer printers are often used 1o print
personalized ads or personalized books. These are
form letters or standard short stories in which the
person’s name is inserted at a number of different
places. Ask students to bring examples of these to
school. Students may be able to get ssmnles of such




direct mail advertising from their parents.

The purpose of this application is to help students
become aware of how impersonal the computer ac-
tually 15 n this type of application. Prnting a
person’s name at various places in a form letter real-
Iy does very httle to personalize it.

. Computer art and computer architectural or engi-
neering drawings are now common. Have students
look for examples in magazines. especially in ads.
Computer art contests are now held periodically. so
examples may be found in newspaper stcries or
magazine articles. S5ome students may have shirts im-
printed with pictures of themselves. done by a com-
puter. Help the class to create a bulleiin board dis-
play of these types of computer output. Use it as a
basss for discussing whether computer art is really
“art.”

. The wiea of measuting peridormance speeds in words
per minute will interest many students. After dis-
cussing and illustrating the idea. you may have stu-
dents determine their printing speed. cursive writing
speed. reading out loud speed and silent reading
speed.

Students may also want 1o determine the words
per minute speed of a 20 page per minute Copying
machine, a 2000 line per minute computer printet,
or a 20,000 sheet per hour newspaper press,

Exercises

1. Suppose that a line printer has a 132 character hne
length. How many words per minute. figuring five
characters per word. 15 a line printer speed of 300
lines per minute, 1500 lines per minute, and 20,000
lines per mimute? How many times faster than a 60
word per minute typist is each of these?

. Computerized phototypesetting is now common in
the newspaper industry and in many other nrinting
shops. In the past decade there have been many
prolonged newspaper strikes by unions opposed to
the introduction of this equipment Study this aspect
of computers in automation and write a report on
what you learn. (Be aware that the linotype opera-
tors. whose jobs were peing eliminated. were highly
skilled. very experienced, and often well educated )

Central Processing Unit

The heart of a computer is the central processing unit
(CPU), The CPU has two major components. First, it
contains a controd unit that can read and understand an
instruction (a program step! that is in primary storage,
Second, it contams an arithmetic-logic unit, which can
be thought of as a superspeed calculator.

The CPU operates in a twosstcp cycle. Inthe ‘irst step
it fetct 25 an instruction from primary storage (com-
puter memory) and interprets its meaning, In the se

TWO—Technical Overview

cond step it executes the instruction. The execute step
may require fetching additioral data from primary
storage. For example. an instruction may indicate that
the numbers in two specified locations are to be added.
During the execute cycle the two numbers are brought
into the arithmetic-fogic unit and added.

DATA

INSTRUCTIONS

ANSWERS

The most impressive aspect of a CPU s its speec, The
time to carry out a fetch cycle or an exccute cycle is
measured in microseconds {millionths of a second) or
nanoseconds (billionths of a second). A relatively inex-
pensive microcomputer can carry out a fetch cycle ina
microsecond. while a more expensive computer may
be 10 to 100 times this fast. The execution of a simple
instruction on a microcomputer may take several
microseconds, while a more expensive computer may
be 10 to 1000 titnes as fast. The very fastest modern
compuiers can execute an instruction in 1,25 nano-
seconds.

Itis difficult to comprehend the meaning of the speed
of a CPU. A medium scale computer can carry owt a
million instructions in a second. An instruction might
be an arithmetic operation {+, ~, x, +}, a logic opera-
tion {cormpare tw o quantities to see if they are equal) or
a movement of data between various memory loca-
nons. How long do you think it wouid take you to carry
out a million anthmetic operations either mentally of
using pencil and paper? A pencil and paper long divi-
sion may take a person a minute or so. During this time
a computer can do more arithmetic than a typical per-
son does in a lifetime.

Other examples add 1o this insight. You can watk
perhaps 3 km/hr. Thus, to walk across the United States
would require several months. If your walking speed
increased by a factor of a million. you would be able to
cross the United States in less than four seconds! Or
suppose that your reading speed increased by 3 factor
of a million. You would then be able to read several
thick novels in ‘ess than a second.
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Applications

1. Give your <tudents a set of arithmetic fact calcula-
tions such as one-digit addition or multiplication
that they can do rapidly. Tirne them as they do 3 set
of these calculations and help the students express
their speed in ca'culations per minute. Have them
determine their number of errors per minute.

A medium-sized computer can perform 60 million
of these calculations per minute with no errors.
Have each student compare his/her speed to that of
a computer.

This activity involves the student in measuring
speed and accuracy and in comparing histher work
with that of a computer. It leads t0 some appre-
ciation forthe immense speed and exceptional accu-
racy of a central processing unit. Tk~ next exercise
has similar goals.

. A computer may be a million to ten million times as
fast at calculation as a person equipped with a cal-
culator. What does it mean to be a million times as
fast?

a. Help students to —easure their reading rates, and
to estimate how long it would take to read a cer-
tain book. Then suppose they could read a miliion
times as fast. Help them to determine how long it
would take to read the book, or to read every
book in the school library.

b. Help students to measure their normal walking
speed in km/hr. Then help them to estimate how
long it would take to walk across the United States
{5,000 km) or around the world {(45,000km). Then
suppose they could walk a million times as fast.
Relp them 1o estimate how long it would take to
walk across the U.S. of around the world.

. Give each student a small jar of beans and time
how long it takes o count them. Suppose the en-
tire classroom were full of such beans. Help the
students 10 estimate how long it would take to
count a roomful of beans. Then help them to esti-
mate how long it would take if they could count a
million times as fast.

3. Exercises 2 and 3 below can be used at the upper
elementary or middle school level. Encourage your
students to look for other examples which would
show the great speed of a computer.

Exercises
1. Carry out Application 2a an1 2b for yourself.

2. Select a large dictionary and estimate how many
words it contains. Suppose you were going to look
up a word by comparing it with each word in the
dictionary, starting at the beginning of the alphabet.
That 15, you would look at every word beginning
with A, then every word beginning with B, and so

on. Estimate how long it would take you 1o find a
specific word beginning with L. Then estimate how
long it would take if you could read and compare
words at a million times your current rate.

. Time yourself a5 you do a calculation suck as 38.9x
614.3 using pencil and paper. Sstimate how long it
would take you 10 do a million multiplications of this
complexity. working eight hours per day. seven days
per week, -

Suppose that a computer which can do a million
multiplications per second rents for $200 per hour;
what would the cost be 10 use this machine to do a
million multiplications? Suppose that you were paid
the same amount 10 do a million multilications using
pencil and paper. what would be your hourly rate of
pay?

Computer Memi)ry (Primary Storage)

Every computer has a memory—space where pro-
grams and data can be stored either temporarily or per-
manently. For most computers the memory is divided
into two categories: primary storage and secondary
storage.

Primary storage operates at a speed comparable to
that of a CPU. This is necessary because when a pro-
gram is being executed there is continual interaction
between primary storage and the CPU. For example,
an instruction may need to be brought into the CPU.
An answer calculated by the CPU may need to be
placed into primary storage.

One way 10 state the speed of 4 computer is to give
its memory cycle time. This is the time to move a char-
acter from primary storage into the LPU; it is also the
time to move a character from the CPU into primary
storage. Typically. the CPU can execute a simple in-
strurtion, such as to increase a particular number by
one, during this memory cycle time. Even a relatively
inexpensive microcomputer may have a men.ory cycle
time of 500 nanoseconds. Such a machine can count
from 1 to 2,000 by 1‘s in a thousandth of a second!

In addition to giving the memary cycle time. a stan-
dard way 1o describe the size or capability of a com-
puter system is to give its memory size. The unit of mea-
sure of computer remory is the byte, which is the
same as one character of storage. A digit. letter or
punctuation mark can be siored in one byte of
memory. Computer scientists frequently use the letter
K to stand for the number 29, which is 1024. They state
the size of a computer memory as a number of K's of
storage.

For example, an inexpensive microcomputer is apt to
have an 8K or 16K primary storage. An 8K machine can
store 8x 1024~ 8192 characters in its primary storage,
A medium scale computer may have a 256K or 512K
primary storage. while a large scale computer will have
primary storage of 1024K (called a rnegabyte) or several
megabytes. The larger tha primary storage. the larger
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the program and the amount of daia that can be im.
mediately available to the CPU.

COne can get a ieeling ior the size of primary storage
by comparing the humbers with the amount of print on
a typed or printed page. A full page of single spaced
typing is about 4K characters. Thus the fnimary storage
of an 8K machine 15 roughly equivalent 1o two pages of
single spaced typing (he primary storage of a jour
megabyte machine is roughly equivalent 1o a thousand
single spaced pages of typing.

e S _
haracters

Prnimary storage 1s temporary storage. what s stored
there as a person run: a program s replaced by the pro-
gram and data of the next person to use the machine.
Also, the contents of prmary storage are usually erased
when the machine 15 turned oif. For these reasons,
almost all computer systems have some type of more
permanent, large capacity secondary storage. This is
discussed in the next section.

Applications

I. When written material is stored 1n a somputer mem-
oiy. each character. including the blank space be-
tween two words, occupies one byte of storage. Stu-
dents can develop an understanding of the amount
of matenal in a book, magazine article or newspap=r
article by counting or estrmating the number of char-
acters in a variety of examp'es.

a, Estimate the length of a book by counting the
number of characters on one page and multiply-
g by the number of pagrs. Do this three different
times, using the second. tenth and 25th pages of
the book. Ar- all of the estimates the same? Ex-
plain.

b. Estimate the number ci characters on tne jront
page of a newspaper by counting the characters in
a 10 cm column, measuring the number of cm of
punt'ng on the page and doing appropnate arith-
metic. Compare (he contents of the front page of a
newspaper with those of one page of the book
used in (a.) abnve.
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¢. Estimate the r.ur. ber of characters in a set of ency-
clopedias. How many times larger is this number
than the length of the beok used in (1a) above?

This exercise. ke many others in this book, helps
1o develop and encourage quantitative thinking.
Many things can be counted. measured or in other
ways quantified. This is a key aspect of scier:®, and
of the computer field. Qiten, it is aiso a valualle ap-
plication of arithmetic.

Exercises

1. Select an adult novel or college level textbook. Use it
in Application 13 above. Would the contents of your
book fit into the primary storage of a one magabyte
computer?

2, What is the binary number system? Why do you
think that computer scientists use 2'® 45 2 measure of
memory size. and that typical memory sizes are &K,
16K, 32K. 64K, etc.?

Computer Mem.ory (Secondary Stage)

Secongary storage. often called bulk storage, is for
more permanent storage of large quantities of data and
programs. The most common and widely used forms of
secondary storage make use of magnetic tape, mag-
netic disks or other related magnelic media. The mag-
netic tape used on computer systems is similar 1o that
used on hi-fi systems, but may be of higher quality.

NN ‘

Inexpensive microcomputer systemsfrequently use a
tape cassette recorder for secondary storage. These re-
corders. costing perhaps $30-$100, are wideiy available
in radioftelevision stores. A fifteen minute tape® can
store about 32K to 64K bytes. depending on the com-
puter being used. However, these cassette systems are
not particularly reliable, and loss of programs or data is
frequent.

More exbensive tape systems, costing hundreds or
even many thousands of dollars, are often ssed on
more expensive computer systems. An indusiiy-wide
standard type oftapeis ¥2 inch wide and comes in reels
of 400, 1200 and 2400 feet in length. Recording den-
sities of 800, 1600 and 6250 bytes per inch are com-
mon, A 2400 foot reel of tape. recorded at 6250 bytes
per inch, stores 180 million character-

The storage of miilions of characters is somewhat
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difficult to comprehend. The typical mystery book or
short novel is about one-half million characters in
length A 500 page pocket book (a full length novel) is
about a million characters.

The 2400 fcotreel of tape: about 30cm in diameter.
Recorded at 6130 bytes per inch, it can store the
equivalent ¢f about 180 full length (500 page) novels.
Such a reel of tape costs about $15. Itis a highly relia-
ble, long-life storage medium. With proper care and
not too frequent ute the tape will last for several years.

Storage on-magnetic tape has one serious drawback.
A tape must be read sequentially. If the program or
data one wants is near the end (center} of a 2400 foot
. teel it can take many minutes for the reading mechan-
ism 10 reach it. Suppose, for example, a bank kept its
customer account records on a tape. A customer re-
quests information about Wisther account. Several
minutes of tape drive time may be ysed to provide the
answer.

An alternative to this is magnetic disk storage. Flat Cir-
cular aluminum plates are coated with iron oxide, the
same material used on magnetic tape. The plate, called
a disk or a hard disk. is spun rapidly. A readfwrite arm is
quickly positioned over any spot on the disk. Thus, ac-
cess 10 any program or data on the disk occurs in well
under a second. '

L

e

o,

A disk pack consists of a number of disks mounted on
one spindle with air space [*etween them for read-write
arms. In a disk pack the top and bottom of each plate is
used as a storage medium, except for the top of the top-
most plate and the bottom of the bottom-most plate.
An elever plate pack. with 20 recording surfaces, may
store 300 million to 600 million bytes or more. A single
recording surface of a hard disk may store anywhere
from 15 to over 30 miliion bytes.

Again. let’s try 1o understand what these numbers
mean. The disk pack is about 35 cm irkdiameter and 15
cm high. It costs about $300. It stores the equivalent of
about 300 to 600 full length novels. Access to any par-
ticular program or set of data on a disk pack is perhaps
1/10th of a second of less. ’

There are many other secondary storage devices. The
idea is to store large amounts of information cheaply
and reliably. Gradual progress is occurring on a year by
year basis, with an occasional new idea every few
years, Of particular interest 10 ysers of inexpensive
computer systems is progress in developing floppy
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disks. A floppy disk is a thin flexible plastic disk coated
with iron oxide material. An eight-inch diameter disk.,
costing about $5, can store a half million bytes. A flop-
py disk drive. which reads and wme 8-inch floppy
disks, costs about a thousand dollars.

A minifloppy disk is now quite common. It is 5% in-
ches in diameter and costs under $4 per disk. A mini-
floppy disk drive costs about $500, and one disk stores
about 100 thousand to 200 thousand bytes.

Floppy disks are cheap and relatively reliable. They
are much more reliable than cassette tapes. and much
more convenient to use, However, they are [ess reli-
able and have less storage capacity than the larger
hard disks discussed earlier.

Another secondary storage device that will even-
tually be common in microcomputers is called bubble
memory. Bubble inemory is manufactured using many
of the same ideas used to produce the large scale inte-
grated circuitry for a CPU or pri.nary memory. How-
ever, it is permanent memory, like a magnetic tape or
disk. Of course it can be erased, so that it can be used
over and over again. Bubble memory is highly reliable,
since it has no moving parts. Right now it is more ex-
pensive than floppy disk secondary storage. but rapid
decreases in cost are occurring. It seems likely that
many microcomputers of the future will contain both
bubble memory and floppy disk memory for secondary
storage.

Applications

Today’s children will be adults in a world in which
entire hbraries are stored in computer secondary stor-
age, and in which computerized information storage
and retrieval is commonplace. The activities listed
below are designed to help students understand the
large numbers and large quantities of data that com-
puterized information storage and retrieval involve.

1. How much is a milhon?

Examine various dictionaries. How many words
are defined in each dicionary?

Examine a very thick (adult} novel. Does it contain
a million characters?

. Examine the telephone book for your city and/or
for a very large city. Does it contain a million
names and phone numbers?

. How many books are ir your school library? Isthis
a million pages? ;

. Select a table or desk In your classroom. Suppose
It were evenly covered with Qe@les, stacked high
enough to hold a million pennies. How high will
the stack be?

How many seconds are there in a year? Is it more
than a million?

d.

b.

2. How many people live in your state? ls it more

:han a million?
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h. Is the earth more than a million meters in circum-
ference?

i. How lung would it take you to write down all of
the numbers 1, 2, 3, ani 50 on, counting up to a
million? Make an estimate based upon_ staiting at
100,001 and seeing how far you get in a minute.
Suppose that a line printer is printing 20 numbers
per line’and 1,000 lines per minute. How long will

it take this computer driven printer to print out the .

numbers from 1 to 1,000,000?

Exercises ¢ .

1. A 2400 foot reel of tape is recorded at a density of
800 bvtes per inch. How many characters can it
store? Solve the same problem for recording den-
sities of 1600 bytes per inch and 6250 bytes perinch.

2. A very high speed tape drive has a speed of 125 in-
ches per second. How long will it take this tape drive
1o read a 2400 foot reel of tape? .

L

. An 8-inch floppy disk costs $5 and stores a half mil-
lion bytes. A large disk pack costs $500 and stores
300 million bytes. what is the cost per byte of
storage for each of these disks?

4. A medium-sized school district has 1C,000 students.
For each student, the district maintains an extensive
set of data Such as student and parents’ names and
addresses, academic record and attendance record.
Discuss the feasibility of using a microcomputer with
an 8-inch floppy disk drive to store and process this
data. .

5. A certain small college’s library conta’ns about a
hundred thousand beoks. The college president sug-
gests storing the contents of all of these books on
large disk packs. providing access via computer. Dis-
cuss the feasibility of this projeci Take into con-
sideration that a disk drive for a large disk pack costs

of more.’

6. A 2400 foot reel of tape. recorded at a density of
6250 bytes per inch, is Deing printed on a line printer
that prints 132 character lines at the rate of 1000
hpes pekmlnule How long will it take 1o print the
entire tape?

S
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TWO- -Techpical Overview

Videodisk
The Yideo disk is primarily a product of the television
industry. The goal was to develop a method better than

videotape for the storage and retrieval of television pro-
grams.

R i haziaen DB R

The results have been spectacular! One type of video-
disk system uses a laser light beam 10 read a rapidly*

spinning plastic disk. One side of a disk contains 54,000 .

individual pictures (frames), the equivalent of a haif
hour of television. These disks can be produced cheap-
ly and rapidly. using a stamping process similar to that
used on phonograph records.

This video disk player can be hooked 1o a microcom-
puter. Under computer control any single frame can be
accessed and displayed. Forward and backward mo-
tion, fast and slow motion—all are possible. The video-
disk system is equipped with two sound tracks. which
can be useful in bilingual education or in reaching dif-
ferent types of audiences.

The computer-controlled videodisk system is current-
ly (1980-81) still under development. A number of € Ju-
cational research projects are developing cemonstra-
tion instructional materials and exploring the effects of
using these materials in education. Materials are being
developed for special education. general education,
military education and for industrial and business edu-
cation. Over the next five fo ten years, the videodisk
will come into millions gf hdmes. Computerized video-
disk systems will begin to make a significant contri-
bution to education.

“r
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CHAPTER THREE

AUTOMATIC FLASHCARDS

instructional use of computers can be divided into
three major parts:

1. Teaching about computers.
2. impact of computers on the curriculum.
3. Teaching using computers.

The goal in the first case is increased knowledge about
the general capabilities, lirnitations and applications of
computers. The emphasis is upon learning to use com-
puters as an aid to problem solving, and developing a
useful level of knowledge about computer science. At
the college level, such instruction is often provided in a
Computer and Information Science Department or a
Computer Science Department.'Some high schools are
beginning to think about having a Computer Science
Department. At the elementary and middle schoofl
levels, such instruction can conveniently be integrated
into various other departments such as language arts,
social studies, math, science or the library/media
center. The first two chapters of this book are examples
of teaching about computers.

Computers have the potential to have a major impact
upon curricular content. Chapters Five and Six discuss
and illustrate some possible changes in the current
curriculum that may eccur as computers become more
readily available.

This chapter is the first of two discussing teaching us-
ing computers. Computers are a new educational
medium, ‘with a tremendous potential to impact the
instructional process. Their use as an instructional aid is
now well established and is growing rapidly.

Teaching using computers is often called computer
assisted learning (CAL), or sometimes referred to as
computer assisted instruction (CAI). The goal in CAL is

increased knowledge of some subject matter area

(which might happen to be computer science, but
could just as well be language arts or music). CAL is
often divided into a number of categories such as d{l"
and practice, games and simulations, problem solving
or dialogue. The most commonly used mode of CAL is
drill and practice. Here the computer is used as an
automated flashcard machine. This chapter is devoted
to various aspects of computerized drill and practice
and serves as a general introduction to many of the key
ideas of CAL.

Elementary school students are expected to
memotize many facts, such as the one-digit ‘addition
facts, and to spell correcily a large number of different
words. They are expected to develop skill in the use of
these facts to accomplish more complicated tasks.
One-digit addition facts are used in summing a column
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of numbers, while spelling is used in writing.

Learning theory and practical teaching experience
tell us quite a bit about rote memory and about de-
veloping skill at more complicated tasks. While
students differ considerably “in their learning and
retention tates, almost all students can memorize a
great deal of-material and can develop considerable
skill in applyingthis kntwledge . An important aspect of
this type of leaming is drill and practice, with appro-
priate feedback.

One way to provide such drill and practice s via
flashcards. Young children may need to have the flash-
cards presented by an adult or another student, while
older students can handle both the presentation and
the feedback {looking at the answer) for themselves. A
wide variety of materials can be presented via flash-
cards.

7 7
x 3 - x 3
2
Front Back
Translate
into French out
YES
E
Front Back
Which is larger?
Adult moase.
Adult bear,
Front
Which is larger?
Adult mouse.
Adult bear,
Back g
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The capital of Oregon is:
a. Portfand

b. Salem

c. Eugene

d. Springfiel

Front

The capital of Oregon is:
a. Portland

. m <
c. Eugene
d. Springfield

Back

Teachers are continually looking for ways to make
drill and practice more interesting and fun. One can
purchase books of pictures, cartoons or jokes inter-
spersed with rote memory matérial to be drilled upon.
Thousands of games and other learning aids have been
developed. Almost every elementary and middie
school teachc has developed andfor used such
materials, and most teachers eagerly embrace clever
new ideas.

Rote memory is an important aspect of learning, but
it is by no means the whole answer. For example, con-
sider the mathematics education of very young stu-
dents. They need to work with manipulatives, to have
lots of hands-on experiences with things they can
touch, move around, count, rearrangé, and so on. This
concrete phase of learning is essential to their ultimate
development of more abstract skills.

Equally important, as students begin to deal with
more complex probiems, is strategy. How does one at-
tack a problem? A student may memorize that five plus
five is ten. Can the student use this, along with simple
counting, 1o mentally figure out that five plus six is
eleven? With a little help a child can learn a strategy. *’|
know that five plus five is ten. Six is ope more than
five. So five plus six must be one more than five plus
five. One more than ten is eleven. The answer must be
eleven.” Strategies are applicable to a wide range of
problems and are an essential part of a quality edu-

" gation. Rote memory is not a good substitute for a com-
bination of understanding and being able to *figure it

out.”

The use of a computer for drill and practice is by far
the most common instructional use of computersin ele-
mentary and middle school education, Very extensive
research over the past 20 years has shown that
computerized drill and practice is an educationally ef-
fective aid to learning. By and large, however, ithas not
proven to be sufficiently more effective than other aids
to instruction to justify the high cost.

et

Indeed, high cost has been a major barrier to CAL at
all educational levels. The most extensive uses of CAL
have been in medical education, certain aspects of
military education, special education, and cther places
where conventional education is quite-expensive. But
the cost of computer facilities has declined dEastically
over the years, and continues to do so in terms.of real
{constant value) dollars. Now, in many educational set-
tings, a computer is both a cost effective and an edu-
cationally effective aid. The computer is not a replace-
ment for the other aids that have served education so
well, but is certainly a useful supplement.

Exercises

1. Give at least five examples of methods and/or atds
useful in drilling students on each of the following
topics.

a. Arithmetic facts

b. Spelling ,
c. Geography facts

d. History facts

2. What number facts {for example, the one-digit times
table) are students expected to have memorized by
the erd of the sixth grade? How many facts is this?
How many words do you think the average sixth
grader can spell correctly? Give evidence to support
your answers,

3. Monopoly is a long-lived and widely played game.
The players traverse a board, buying and <elling prop-
erty while constructing houses and hotels Money
continually changes hands.

a. What types of things might students learn by play-
ing Monopoly or a similar game?

b. Discuss the merits and feasibility of allowlng
students to play Monopoly or a similar game in
school during regular in-class hours.

A question such as this is quite refevant to com-
puters, since there are many interesting, exciting and
educationally relevant 8ames availfable for use on
computers. Many of these games are designed to dril!
students on facts relevant to their overall education.
We will discuss the idea of computerized games in
the next chapter.

4. Does being able to correctly spell a large number of
words make a person a good writer? Does being fast
and accurate on memorized number facts make a
person good at solving math problems? Discuss the
idea of memorized *"facts” versus learning to think
and to create using the facts, Give your opinion asto
the percentage of school ttme that is spent and that
should be spent in each of these areas.

A Simple Model

The essence of drill and practice is presented in the
flowchart of Figure 1, A tlowchart is a collection of

4
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boxes connected by arrows, designed to specify a set of
directions. Flowcharts are so commonly used by com-
puter scientists that they have agreed to assign meaning
to different shapes of boxes. Thus, the START and
STOP boxes are eliptical shapes, while a diamond is
used for decision making. For simplicity, we yse a rec-
tangular box for all other purposes, although computer
scientists use additional shapes .

START

Present a question
to the student.

+ %

Wait for, and accept
the student’s response.

Is
the student’:
response
correct?

Provide feedback
appropriate to an
Incofrect response.

Provide feedback
appropriate to a
correct response.

there another
question to be
presentéd now?

Yy .

Outptn a summary
report of results.

STOP

Figure 1
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This flowchart does not provide adequate directions
to a computer programmer who wants to write a drill
and practice program. It does not give the source or
nature of the questions, the type of feedback to provide
in the case of right or wrong answers or the number of
questions to be asked. These are iss'1es that should be
decided by an educator, not just a computer program-
mer. (Of course the programmer may be an educator.)
The next few sections will provide more detailed infor-
mation on options-available to the program designer.

Good educational software is often developed by a
team. The team may include a teacher or subject mat-
ter expert, a learning _heorist, a graphic artist and a pro-
grammer. Sometimes a single person will fill two or
more of these roles. You should be aware that writing .
good quality computerized educational material is a
major task. It is more difficult than writing good quality
textbook materials; thus, it is easy to understand why
there is a scarciy of good CAL materials, and why such

. matertals tend to be expensive.

Where Do the Questions Come From?

In computerized drill and practice, the computer
must have access & a large supply of questions or must
have some method for generating questions, Both ap-
proaches are commonly and successfully used.

The idea of a data bank of guestions, residing in
secondary storage, is simple. instead of constructing
flashcards out of paper r cardboard, one inputs’ the
questions and answers to computer memory. For ex-
ample, suppose you want students to memorize the
capital of each state. The data bank might contain a list
of the states and their Capitals.

The creation of such a data bank is straightforward. A
computer program is written to accept as input ques-
tions and their answers. A teacher or other educator in-
puts each questions and answer, and the program stores
these on a magnetic disk or other secandary storage
medium. Later, when a student wants to drill on these
questions, a computer program selects questions from
the data bank and presents them. The computer com-
pares the student’s answer with Lhe answer that has
been stored in the data bank and provides appropriate
feedback.

An impo tant alternative to data bank-based drill and
practice is the yse of computer-generated fjuestions.
The simplest examples of generative drill and practice
come from arithmetic, and make use of randomly
generated numbers. It is 1 "atively simple to develop a
computer program that generates random numbers in
a specified range. Many games and educational devices
make use of random numbers generated by throwing
dice, spinning a'spinner or drawing numbers out of a
hat. The computer generation of random numbers is a
littte more sophisticated. but produces equivalent
results. .

Suppose one wants to drill students on one-digit ad-
dition facts. A computer can easily generate such ques-
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tions, along with correct answers. The flowchart given
in Figure 2 ilbustrates the essential ideas. We have used
algebraic notation: A for the first number, B for the se-
cond number, $ for their sum. But this is merely for our
communication convenience. If, at a particular time,
the computer generates values A= 7 and B~ 5, the stu-
dent would be asked to find the sum of 7 and 5.

Generate a random
1-digit number and
call it A.

Generate a random

1-digit number and
call it B,

]

Compute the sum
S~A+B

~

Ask student t¢ find
the sum of the two
numbers A and B.

=

Accept the student’s
reply, ANSWER .

Yes No

Figure 2. Generation of 1-digit addition fact questions.

There are many ways to actually present such a ques-
tion. .

Vertical

- +5
7451 format

Horizontal format

WHAT XXRXXXX
' XXXXX
IS THE SUM How many X's?
OF 7 AND 52
Words Graphically

It 1s straightforward to use any one or any combination
of these presentation formats. The computer can be
programmed to randomly select the format to be used,
or to cycle through a collection of formats. )

Data bank-based drill and practice can require a
substantial amount of secondary storage and con-
siderable effort on the part of educators creating the
data bank. If the data bank is small, the students will
soon notice the exact same questions occurring over”
and over again. Generative drill and practice, on the
other hand, requires a more sophisticated computer
program, but generally uses less secondary storage. 1t
takes careful thinking and planning on the part of the
educators and programmers creating the program.
Thus, the creation of a generative drill and practice pro-
gram tends to be more intellectually stimulating and re-
quires less routine work than the creation of a large
data bank of questions.

Applications

The idea of random numbers or random events is
important, not only with computers but to all of
science. Activities given below are designed to help in-
crease student insight into random numbers, and are
computer readiness activities. They can be used in a
math or science unit. Organizing and recording results
are an important part of these learning activities, and
are an important part of math and science, Results may
be represented in various forms such as a table, graph,
chart or histogram. Computer output in all of these
forms is also possible.

1. Have each student roll a die a number of times
and record the outcomes. Does one number come
up much more often than others? Combine the
results for the whole class on the chalkboard. Does
one number come up much more often than others?
Repeat the entire exercise and answer the same
questions.

If the dice are all ~perfect,” then one can expect
that no single outcome will dominate when the dice
are tossed many times. But in small experiments
and/or with non-perfect dice, one may well find a*
single outcome occurting a disproportionate
amount of the time.

2. What is the most likely sum produced by throwing
two dice? The possible outcomes from one throw are
the sums 2, 3, 4, ..., 12, and these are not equally
likely. First have each student guess the most fre-
quently occurring sum. Then have each student
throw a pair of dice a number of times, and record
the outcomes. Finally, combine the students’ out-
comes on the chalkboard and have a class discus-
sion on the resylts. The same activity can be usec
with the product of the numbers appearing when a
pair of dice are thrown. Or, it can be done using three
or more dice. Notice that this activity gives practice
in working with simple arithrnetic facts as well as
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contributing to the other  yals listed at the beginning
of this Applications section. Too often math drill and
practice is dull and devoid of application.

. Give each student five coins o~ five similar two-sided
objects. Decide which side is “head” and which
side is "tail.” The students are to toss their coins a
number of times, recording the number of heads
and number of tails resulting each time. For exara-
ple:

Toss Number Heads Tails
1 4 1
2 3 2
3 4 |
4 . 4

What was the most frequent outcome? What was the
least frequent? Use the chalkboard to combine the
studénts’ results, and discuss. Repeat the en.
experiment and see if the results are approximateiy
the same.

This same experiment can be run with different
numbers of coins. Students will learn that certain
outcomes, such as all heads or all tails, are infre-
quent. They will learn that the outcomes with nearly
equal numbers of heads and tails will be most fre-
quent. .

. Any of the above activities can be repeated for other
devices with random outcomes. Thus, cne can use
spinners, numbers in a hat or four-sided dice to
generate random outcomes with ceftain characteris-
tics. Computer programs can be written to simulate
these experiments. If you have access to a computer
and this software, you niay want to run such com-
puter simulations and compare the outcome with
the student-generated results. This use of computer
simulation is one way to introduce the idea of com-
puter simulation to a class. The computer carries out
very rapidly and accurately certain aspects of an ac-
tivity such s tossing a die. The computer sirulation
does the tossing and accumulates the outcomes. But
the computer simulation does not include the fuh of
children interacting or the laughter as dice fall onthe
floor. A simulation focuses only on certainspecified
aspects of the situation being simulated.

Exercises

1. Make a list of things that students are expected to
learn via rote memory in elementary and middle
school. Be as succinct as possible, but try to include
as many major categories as you can. (Refer back to
the first set of exercises for this chapter.) Which
categories seem to readily lend themselves to
computer-generated {that is, generative) drill and
practice questions? For each category you name.
describe a method whereby a computer program
could generate appropriate questions.

THREE—Automatic Flashcards
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2. A certain coOmputer program draws a map of the

3.

4.

United States on its graphics terminal, labeling each
state with a different number. The student selects
which of four options s/he wants to try:

. . 4
Option 1: The computer displays the name of a state;
the student types in the state’s number.

Option 2: The computer displays a state’s number:
the student types in the state's name.

Option 3: The computer displays a state’s name and
number; the student types in the capital.

Option 4: The computer displays a state’s capital;
the student types in the state’s name.

In all cases, the program provides immediate feed-
back of

YES. THAT IS CORRECT
for a correct answer, or

NO, THAT IS INCORRECT.
THE CORRECT ANSWER 15

.......

and supplies the correct answer when the student
errs.

a. In what ways is this like a data bank-based drill
and practice program and in what ways is it like a
generative drill and practice program?

b. What aspects of this program seem to be especial-
ly useful or good, and what aspects seem educa-
tionally poor or unsound?

c. Give an example of some other body of know-
ledge that might be taught in elementary or mid-
dle school by a program with somewhat similar
computer capabilities and program characteris-

- tics. Justify your answer.

An audio output device can be used by a computer
to present spelling words. The student keys in the
correct spelling. Te as Instruments Company sells a
machine for about $55-60, called the Speak and
Spell, which accomplishes a similar task.

a. Discuss the merits of this type of drill and prac-
tice as an aid to improved spelling.

b. Suggest at least two different ways this computer
program could be improved (expanded)} to be an
even more nseful language arts learning aid.

Examine the flowchart of Figure 3. h presents an ab-
brewv.ated outline of a generative drill and practice
program. If a studemt gives a wrong answer, the
same question is presented again. Discuss the edu-
cational merits of this drill and practice routine. In-
clude in your discussion both good and bad features
as well as your feelings on haw well this drill would
work with students.
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Generate a guestion.

>

Present the question to
the student and accept
an answer from the studem. J

Is
the student
answer
correct?

Have
10 gquestions
been answered
correctiy?

Tell student
to try again.

Output a summary
report of results.

Figure 3.

o

The Student’s Response

with ordinary flashcards, a student’s response is
usually given verbally to a person who interprets it and
then provides appropriate feedback. That is, a hitman
being receives and processes the answer.

Wwith computerized drill and practice, there are many
possible methods to input responses. The most com-
mon is via keyboard terminal, with a student typing an
answer. Later in this section we will discuss this in more
detail. A useful alternative is via touch panel, or touch
sensitive screen, The student is asked to touch the cor-
rect response.

THE NUMBER 5 15
O EVEN
0000

TOUCH THE BOX NEXT TO
THE ANSWER. ~

Here the student touches the hox to the left of the cor-
rect answer. (Notice that thiz ODD-EVEN question is
easily programmed in a generative CAL mode, using a
random number generator.)

Touch input is quite versatile.

TOUCH THE SQUARE.

Such computerized drill can be used with non-
readers. The directions are "'spoken’ by the computer
via computer audio output device, The spoken direc-
tions might be TOUCH THE BOX BELOW THE CHAIR.

Programs such as this can be used with pre-school
chiidren and with learning-disabled chitdren to build
language arts skills.

Verbal input to computers is now fairly well estab-
lished, but is still in its infancy. it is likely that you have
seen television programs or newscasts showing a voice
controfled wheel chair. A quadriplegic can direct the
wheel chair by voice commands such as LEFT. RIGHT,
STOP. Similar computer equipment can be used to
allow students to respond to a computerized drill and
practice program.




A voice recognition system works with digitized
(numerical} representations of the words to be recog:
nized. The system is “trained’’ to recognize a certain
set of words spoken by a certain person. In a typical
system. the user speaks each word several times. The
computer analyzes the digitized input and stores away
a mathematical pattern for each word. Later, when the
system is asked 1o recognize a spoken word, it does s0
by comparing a digitized representation of the word
against each of its stored patterns.

An inexpensive word recognition system. costing
under $500, may be able to store only a few dozen
words. Moreover, its recognition error rate may be
quite high {(several percent). Thus, such a system is
most likely to be used as an interesting experimental
tool or as a toy. More expensive systems, costing
perhaps $5,000 to $20.000 or more. allow for larger
vocabularies and have much smaller recognitior error
rates. These are reliable enough to be used in special
education. as inpw ucvices for cash registers in a super
markec of 10 control whec!ehairs and hospital beds,

Tke problem of handling a large vocabulary in the
foriu of words strung together in phrases or sentences is
still a research topic. This is called connected speech: it
is the type of speech one uses in ordinary conversation.
The words in connected speech ‘e run together,
rather than being distinct and care ully pronounced. It
will be many years before a connected speech recog-
nition system is commercially available at a reasonable
price. The voicewriter {voice input typewsriter) is not
likely to be a standard comme. cially available item dur-
ing the next ten years.

As mentioned at the beginning of this section, the
cheapest and most widely used udent response mode
for computerized drill and practice is via keyboard ter-
minal. This poses a specific problem—most young
students have poor typing skills, ““Hunt and peck’” is
mainly hunt; students’ responses are quite slow. so that
the computer terminal is tied up for a long period of
time. Very young students can be taught fouch typing
and there are some people who advocate doing so. In-
deed. there has been considerable research on the use
of a computer 10 teach touch typing. Such research
andlor the use of a computer 10 teach touch typing to
elementary and middle <chool students has not been
widely accepted or implemented, even though such
students are quite capable of developing good typing
skills.

Exercises

1. Many young children learn to play a plano and/or
other musical instruments which involve con-
siderable manual dexterity. finger strength and
hand/eyele>r coordination. It is evident that these
children could learn 10 type quite well. Currently.
however. typing is mainly a junior high school or
senior high school course. Why do you think this is
the case? Discuss whether the introduction of com-
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puters into elementary and middle schools could/
should/will change this.

2. Not only can young students learn to type. they can
learn to use a word processing system. A word pro-
cessing system is a computernized typewriter. Prelimi-
nary indications show that students enjoy using a
word processing system and that it contributes to
their creative writing skills.

However, when students are using a typewriter or
word protessor they are¢ not practicing their hand-
writing skills. Present and discuss your opinions on
introducing typewriters and word processing into
the elementary school. Do you {eel qualified 1o
decide whether this is appropriate, and do you feel
qualified to teach the use of these took?

Response Processing

Anothar problem in computerized drill and practice
is response processing—receiving student answers and
figuring out if they are cortect. Suppose that a com-
puter presenis the question:

WHO WAS THE FIRST PRESIDENT
OF THE UNITED STATES?

What should the computer do if a studen* responds
WASHINGTON? Should the program expect that
GEORGE WASHINGTON ffirst and last name. both
correctly spelled) is the only acceptable answer? Sup-
pose the student types WASHINGTON, GEORCGE. Is
this acceptable? How about HE WAS THE FATHER OF
QUR COUNTRY?

You can see that this is an immensely complex and
difficuft problem. A human can feceive an answer.
interpret it, and try to figure out what was intended. A
buman can explain what sfhe understands as the pro-
posed answer and request clarification. To write a com-
puter program with similar processing capabilities is
very difficult. Many aspects of it are still unsolved
research problems.

There are two commonly used simple solutions to
the response processing problem. The first is 1o provide
students with a list of alternative answers and ask them
to select one.

WHO WAS THE FIRST PRESIDENT OF THE
UNITED STATES?

1. THOMAS JEFFERSON

2. BOOKER T. WASHINGTON
3. JOHN ADAMS

4. GEORGE WASHINGTON
5. MARTIN LUTHER KING

Now the student needs only to key in the nnumber of
the coirect answer. But this restricted response iist type
of question does not teach the same 'hings as the open
response format. The “‘real word” does not consist of
multiple choice questions, with a single correct answer
always being among the available choices!
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A second alternative is for the educator creating the
computer drill questions to provide an exhaustive list of
answers that are to be recognized by the program.
along with the action the computer is io take in each
case, Generally this means the program is quite rigid.
The first president question might have 35 acceptabie
answers:

GEORGE WASHINGTOM
WASHINGTON
GEORGE

The computer’s response to the first answer might be
GQOD. THAT 15 CORRECT. The computer’s response
to the second answer might be WHAT WAS HIS FIRST
NAME? The computer’s response to the third answer
might be WHAT WAS HIS LAST NAME? For anx other
response, the program might respond THAT 1S WOT
CORRECT. The smallest typing or spelling error would
produce the Iatl% response. HE WAS THE GENERAL
WHO LED OUR ARMY IN THE REVOLUTIONARY
'WAR would elicit the same computer response as
MICKEY MOUSE.
Most computerized drill and practice programs cur-
rently available 17,e one of the two altern ative methods
- of respopse processing listed above. But progress is
_occurring- in developing high quality response pro-
cessors. For example, programs have been written that
are able to detect when two words are nearly the same,
50 that one may be a misspelling of the other. Programs
have been written 10 take a student’s response and
analyze it and to look for parts that may be related to a
correct answer. Such a program might accept an
answer such 35 GEORGEEWASHINGTON and respond
in a suitable fashion.

Applications

1. Show your class examples of flashcaids. Discuss
with them the idea of different presentation formats
and different formats for answers. Then have each
student make a set of flashcards for something that
sthe wants to leasn. Let the students practice using
these fiashcards on each other.

This is an imporiant learning to learn” activity.
Through activities such as this, students can learn
how 1o help themselves learn, and can begin 10 take
more responsibility for their own learning.

Exercises :

1.Select a small body of knowledge that is suited 19
corrputerized drill and practice: The exercises a. and
b. given below can be done with pencil and paper.
Or, if you are a reasOnably good programmer, use a
computer.

a. Create material suitable for use on a compu-
ter that uses the multiple choice format to insure
that the student’s response can be understood by

the computer.

b. For the same body of knowledge, create mater-
ial that uses an *‘exhaustive list of answers,” and
what action you want the computer to take for
each of the possible answers.

c. Finally, develop a small amount of material that re-
quests an open ended response. Discuss the varie-
ty of types of responses that one might expect, and
the difficuities :n developing a computer program
to handle these responses.

Discuss which «f the answer formats 15 best suited to
young students !earning your material.

2.Children enjoy playing games in which the objec-
tive is 10 guess an object in the room, or perhaps an
object or event being thought of. The person running
the game provides clues such as “hotter’ or
"'colder.” These mean the guesser is getting closer to
the answer, or further away. Make up an example of
n educational guessing game in which 1 computer
could processthe player’s responses to provide **hot-
ter' \Qd “colder’’ feedback.

N
Feedback

At first glance. the question of feedback seems sim-
ple. For each question, the computer accepts a stu-
dent’s response and reports to the student whethe: it is
correct. After a dril! session is completed, the computer
outputs a final report summarizing the session.

Feedback for a correct student response might con-
sist of the prinied message THAT 1S CORRECT. But this
message, received over and over again, is rather bor-
ing. How about a smiley face, a'merry tune, a ringing
bell. a vanety of different written .messages (GREAT!
RIGHT; YOU ARE DOING WELL: KEEP UP THE GOOD
WORK: CORRECT; GOOD; and so on}? If desired, one
can piCgram a computer to print olit a coupon that can
ke exchanged for a stick of sugarless gum or other type
of encouragement for correct answers,

What about an incorrect response? There are many
ways to tell a student s/he has made a mistake. Shouid
the studint be given a second chance, or a third
charce? Shouid the student be given a helpful hint? If
50. then the response processor part of the program
may need to be quite sophisticated in order to deter-
inine the student’s source of difficuity.

The feedback used in ame of the software currently
avaitable commercially is quite poor. One can find ex-
amples in which the computer response to an incorrect
answer is much more entertaining than the response to
a correct answer. Students deliberately make errors to
reczive the more entertaining response. In other cases,
the response to errors is demeaning, overly critical and
harsh, all of which can be damaging to the learning
process.

Part of the overall feedback mechanism is the rein-
forcement schedule, When a student gives a correct re-



sponse, how scon should the same question be asked
again? When a student gets a question wrong, how
soon should the question be asked again?

Research into learning theory is providing sore help
on feedback mechanisms and reinforcement
schedules. But it is clear that there is considerable
room for progress, hoth in the theory and in its com-
puterized implementation. For example, a standard
assertion is that computerized drill and practice is
good because the computer can provide immediate
feedback. Recent learning theory research suggests
that people have both a short term memory and a long
term memory. Immediate feedback may have less im-
pact upon long term memory than delayed feedback.
That s, a student may actually learn more if feedback is
delayed for a period of time, such as 15 seconds! It is
evident that more research 15 needed. It may well be
that differences between people are 5o great that feed-
back adjusted to fit the needs of one student would be
totally inappropnate for another student in the same
class.

It is easy to program a computer to keep track of the
number of questions attempted, the number of correct
responses, the number of incorrect responses and the
elapsed time. This information may be used during the
dnill to adjust the level of difficulty of the questions be-
ing presented. It can be used at the end of the drill to
provide information to the student or the teacher, and
perhaps to add information to the student’s file, which
may be computerized. [n the latter case, during a drill
session the computer can use information accumulated
from previous sessions with the student.

[

Applications

1, Talt, to your students and find out what kind of
feedhsk and what type of reward system they like.
For example. if a student spells every word on 4 list
correctly in three minutes or less, perhaps the stu-
dent should be allowed to play with a calculator or
computer for five minutes. Have each student ex-
press how sthe would like 1o be corrected in the
event of an error, and what sort of reward wouid be
preferred for good performance.

. i you have access to a computer in an elementary or
middle school classroom. have students use various
dnif and practice programs. Each student is to write a
brief report on which program s/he liked best, and
why. Suggest that they pay particular attention to the
feedback provided by the programs, and that they
comment on these features.

Exercises

1. What type of feedback do students get in an or-
dinary elementary school classroom? How much is
provided by (a) teacher or aide, {b) self (perhaps via
answer book), (c) other students? How much of

THREE—Automatic Flashcards

these various types of feedback could be provided
by a computer?

. How much flashcard-type drill per student per day
seems to you to be appropriate for elementary and
middie school students? Does this vary with the
grade level or time of year? Suppose that an elemen-
tary school has two classes of 25 students in each of
the grade levels 1-6. That js, the school has 12
classes. Suppose further that classes are in session six
hours per day. How many microcomputers of com-
puter terminals would such a school need to provide
the amount of flashcard-type drill you think is appro-
priate?

3. A computer program designed to teach the one-digii'
addition facts to first and second graders ends with
the following report to a student.

PROBLEMS ATTEMPTED 20
CORRECT RESPONSES  16=80%
INCORRECT RESPONSES  4=20%
YOUR GRADE, TERRY, 15 B.

Discuss the suitability of this summary, and ways to
improve it.

. Examine the current literature on feedback as it
relates to student learning, or review your
kriowledge gained in a learning theory course taken
as part of your education program. Then, run several
computerized drill and practice programs, paying
particufar attention to the feedback provided to the
user. Write a report comparing learning "theory”
with the actual practices demonstrated in the pro-
grams.

. Many computerized drill and practice programs
make use of pictures or cartoon: figures, v,nich may
be m color and be Quite impressive, ior feedback:
Such programs may also 1*se sound. such as assorted
beeps. of even music. Are you aware of published
research results that such computerized feedback in-
creases student learning? Discuss this situation.

Final Remarks

Many parents and teachers yearn for the good old
days. when life and education were simpler. There was
no television, and the ""work hard’ ethic was stronger.
Students were expected to fearn the basics of reading,
writing and arithmetic, and the educational system was
considered a success if this occurred.

Times, however, have changed. and education can-
not be separated from the environment in which
students live and grow up. it is a fact of life that the
average 18-year-old has spent more hours watching
television than attending school. The computerized
home entertainment center is beginning to add to this
problem. Students in the future will grow up having ac-
cess to computerized games that are even more fun
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than telewision. They will have had hundreds of hours
of such computer expenence before they getto the first
grade.

This problem s further compounded by the fact that
computer assisted learning matenals will be avalable
for use in the home. Students will enter the first grade
with a still wider range of backgrounds and skills. As
computers come into the elementary and middle
school. and teachers struggle to cope with this new
learmningfteaching medium. they will also have to cope
with students for whom the computer is old hat.

There is no simple answer to these problems. but

teacher knowledge is certainly part of the key. If you
ate familiar with computers as an educational medium
and with the computerized home entertainment
center, then you will have a better chance to cope with
children growing up in our computerized society. You
will be able to build upon this new technology 3s it
becomes available, first in students’ homes and later in
youi classroom. Computers do contribute to the com-
plexity of life in our society and i+ education; however,
they can also help students in le.romng to cope with this
complexity.




CHAPTER FOUR

EDUCATIONAL GAMES
COMPUTERS PLAY

You are aware that there are many computerized
games. The old-fashioned pinball mackine has been
computerized and supplemented by electronic space
war, electronic car or horse races, electeonic football,
and $o on. The home entertainment cénter video
games could iritially play “Pong” and other simple
paddle games. Now a wide variety of sophisticated
interactive games are available, The leading edge ofthe
interactive computerized game market is the arcade-
type games available at commercial entertainment cen-
ters. But similar games, in much greater variety, are
available for home computers. Games that take a long
time to play such as “Adventure’ games, the ""Oun-
geons and Oragons” games, chess and checkers are
specifically designed for the home computer markez. It
may take hours to play one of these games.

Most games computess play are designed for enter-
tainment purposes: however, some of these pre grams
also have redeeming educational value. An examina-
tion of ads for microcomputer software suggests there is
far more entertainment software than instructional soft-
ware available at the current time. Thus, an elementary
or middle schoal wishing to make instructional use of
microcomputers is apt to make use of some of the
entertainment software. There is a rapidly growing
collection of software, however, that is both enter-
taining and of educational merit. We will examine
several gafnes that have significant educational value.

GUESS

Computer games usually have names. We have
named the one to be discussed in this section GUESS.
GUESS is a simple number guessing game. Suppose
Terry has just called this program out of a library and
provided the computer with histher name. The
computer responds:

HI TERRY. | AM HAPPY THAT YOU
WANT TO PLAY A GAME OF GUESS
WITH ME. | AM THINKING OF A
NUMBER BETWEEN 1 AND 28. SEE IF
YOU CAN GUESS IT. | wiLtt GIVE YOU A
HINT IF YOU MISS. WHEN YOU ARE
;ZEADY TO BEGIN PUSH THE ENTER KEY.

Qften a game program is written by a programmer for
his/fher own entertainment, or possibly for use by some
larger audience. We see an immediate problem,
Suppose you want to use GUESS with second grade
students. Can they read and understand the directions?

Typically this will be a serious problem. The game
program author may not be an educator, and may not
write clear, concise directions understandable by
students at a particular grade {evel. For example, can
the “answer” in this game be 1, or 2$, or 16.B? Most
likely the game author intends a whole number in the
range of 1 to 25 inclusive, but the directions do not
make this clear. A teache: using the program will need
to experiment with it and may need to explain it to
histher students,

Terry reads the directions and pushes the ENTER key.
The screen is cleared and then:

OK TERRY. WHAT 1S YOUR FIRST GUESS?

'\....\-

~_

Terry types 16 and nothing happens. After a while Terry
types the ENTER key. (The directions are poor; the
ENTER key must be typed after each guess,)

OK TERRY. WHAT IS YOUR FIRST GUESS?

16
THAT IS TOO HIGH. GUESS #2?

The guess of 16 was TOO HIGH. Terry may interpret
the message “GUESS #2” 10 mean that sfhe should
type in a 2. Again we see that the machine-user inter-
action is poor. Let us suppose that Terry continues with
a lower guess, and eventually guesses the computer’s
number. The final screen display is as follows:
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OK TERRY. WHAT IS YOUR FIRST GUESS?
16

THAT IS TOO HIGH. GUESS #2t 1z

THAT IS TOQ HIGH. GUESS #3t 5

THAT 15 TOO LOW. GUESS #47 9

THAT IS TOO LOW. GUESS #5¢ 10
RIGHTY YOU GOT IT IN 5 GUESSES.

DO YOU WANT TO PLAY AGAIN {YES,
NO)?

Typically a game continues until the student guesses
the correct answer or until the number of guesses
exceeds some set limit. The student can play the game
over ard over again, with the computer geneniting a
random integer in the range of 1-25 inchisive each
time,

What is the educational value of this game? Some
possible answers include:

1. Reading skills. The student must read and follow
directions.

2, Number skills. The student must understand the
meaning of TOO HIGH or TOQ LOW. The stu-
dent must be able to figure out guesses in the
appropriate range.

. Problem.solving strategies. With a correct strategy
a student can aiways guess the computer's num-
ber in five tries or less. A student may discover this
strategy by trial and errur or by analysis of the
problem. Altematively. the ieacher can teach the
strategy. .

4. Computer awasenessifamiliarity. The student uses
a computer and develops confidence in hlsfher
ability to cope with this machine.

whether these educational values are realized by a
student or a clas: depends mainly upon the teacher. If
the students are turned loose on atomputer with little
supervision or instruction they will have fun. With
games like GUESS, some incidental learning will accur,
but it wiil probably be quite limited. For example, a
student may learn the rules by being "told”’ by another
studen!, rather than by reading. Or, consider the
following situation.

OK TERRY. WHAT IS YOUR FIRST GUESS?
16

THAT IS TOO HIGH. GUESS #2t 23
THAT 15 TOO HIGH. GUESS #3% 28

Ateacher might analyze these responses and see that
the student does not understand the meaning of TOO
HIGH. and also does 1ot understand that the answer
must lie between 1 anc 25. Some remedial instruction
is needed This remedial instruction could be built into
the program. and it will be if the game has been de-
signed to be a good teaching aid.

OK TERRY. WHAT IS YOUR FIRST GUESS?
16

THAT 1€ TOO HIGH. GUESS #2¢ 23
THAT IS A POOR GUESS. YOU HAVE
BEEN TOLD THE ANSWER 15 LESS THAN
16. TRY AGAIN. GUESS #3?

If a student plays a sequence of games and con-
tirally takes more than five guesses, the teacher or the
pr.gram might suggest that five or less guesses will
aiways suffice. Some students will discover this by
themselves. A well-written program can teach it.

TERRY. THE NUMBER YOU ARE TRYING
TO GUESS LIES BETWEEN 1 AND 25,
(THE WORD INCLUSIVE USED HERE
MEANS THAT BOTH 1 AND 25 ARE
POSSIBLE ANSWERS.)
xxxxxxxxxxxxxxxxxx%xxxxxx

65101520;254

GUESS #1216

In this display. the part of the line between 1 and 25
may blink on and off, or be a different color, or in some

oth~r way be prominent.
K]

TERRY, YOUR GUESS #1 IS 16. THAT IS
TOO HIGH. THE NUMBER YOU ARE TRY-
ING TO GUESS LIES BETWEEN 1 AND 15
INCLUSIVE.

GUESS #21

The machine graphically iflustrates the smaller range
in which the answer must lie. If a student makes a poor
guess; the computer can give a suggestion. Suppose in
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the above that the student’s next guess is 15. The
computer might respond: -

THAT IS A POOR GUESS. GUESSING
CLOSER TO THE MIDOLE OF THE

NUMBERS FROM 1 AND 1515 A BETTER
GUESS.

Unfortunately, it may turn out by pure luck that lé is 4

the correct answer. The program must Le “smart”
enough to handle such a situation.

FOUR--Educational Games Computers Play

Finally, you ;hould be aware that guessing games
such as these are examples of the guess and check
{trial and error) technique ofprablem solving, which
is one of the general-purpose methods of problem
solving.

. The game of GUESS can modified so that the

answer is in a different range. such as between 65
and 200. It can also be modified to allow decimal
numbers {such as a one-place decimal) or fractions
as answers. For example: | am thinking of a fraction
between 0 and 1. Both the numerator and the de-
nominator are one digit numbers. What is my frac-
tion?” These variations can be played withput a
computer as in 1. above. J

N '

. if a computer is available, have your students z:lay

GUESS on it, as well as by hgand. {Note: GUESS ix
casy enough to program so that a beginning pro-
grammer can develop a usable version.. If you have’

_access 10.a microcombuter, there is likely to be aver-

™y

RIGHTI! THAT REALLY WAS3 A LUCKY _
GUESS. USUALLY. IT IS BETTER TO GUESS
CLOSE TO THE MIDOLE OF THE

NUMBER RANGE.

From the GUESS examples you can see that it is difficult
to create high quality, nicely intefactive, £ducationally
sound games.

Applications

1: Play the game of GUESS with your class, with you
taking the role of the compuiter. Use the chalkboard
to record the student’s guesses and your reésponses.
The written record of the game can be used for post-
gamediscussion and analysis. After playing thegame
several times with different members of the class.
divide the class into teams of two. In each team
designate one person to play the role of the com-
puter and the other as the game player. The "com-
puter” thinks of a number in the appropriate range
and writes it down, and keeps a detailed written
record of the game. This will help prevent later
argumenis. After playing a few games have the stu-
dents switch roles. . :

Both this activity and the one that follows are
excellent mathematics education exercises, de-
signed both to improve students’ mental arithmetic
skills and number sense and to give practice in
writing and in organizing data by keeping a detailed
written record of a game. These games are also good
exercises for improving soc:al interaction skills. Note
that both participants in these activities are fearning.
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sion of GUESS available for this machine.) Then,
have a class discussion 1o see which version they like
best, and why.

. If a computer is available, have a class conjest to

determine the best GUESS player. For exampie, have
each student play the computer gamefive times. The
winner is the student with the smallest total number

of guesses.

. HANGMAN is a word guessing game often played-

by children and now readily available in computer
format. A child tries 10 guess the letters of an un-
known word. The feedback on a correctly guessed
letter is to have that letter written into its correct
location(s) in the word. The feedback foi an incos-
rect guess i an addition to a scaffold and hanging
body. When thescaffold and body arecomplete, the
guesser loses. -

Teach your students to play HANGMAN using
pencil and paper. If a computer is available let them
also play a computerized version. Have students
write a brief report covering "“how to play well.” See

“if they discover, on their own, strategies such as first

guessing frequently used vowels,

Exercises
1. Provethat in the GUESS game one can always guess

the coraputer’s number in five guesses or less by fol-
lowing an appropriate strategy. To do this, describe
a strategy and explain why it works. Suppose that the
computer’s number lies in the range of 1 to 3Sinclu-
sive. Will your strategy always guess it within ‘five
guessest Explain why or why not.

. Read Application 1. Then discuss the relative edu-

cational merits of using a computer versus having
students play the role of computer in this game.
Decide which you think is best, and explain why.
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3. Many children are familiar with and enjoy playing

+ HANGMAN. It is a word guessing game, guessing
one letter at a time. Feedback consists of telling
whether the guessed letter is in the word, and if so,
where. Try this gamea\:gh some students o7 some
adults. Analyze it a leamningfteaching aid.
Computerized versions of this game are available on
most microcomputers. See Application 5 above.

4. Make up a guessing game that can be played by
hand, can be computerized, and has educational
value. Discuss the game in sufficient detail 50 that a
pragrammer could wri*  a program for it. (if you are
studying programming and have sufficient access 1o
a computer, write the program and test it out with
several people.)

Examine the three screens of computer output given

below. Discuss the educational merits of the game.
Compare and contrast with GUESS and HANGMAN.

V5

THE NUMBER YOU ARE TO GUESS IS AN
INTEGER IN THE RANGE 1 TO 25
INCLUSNE™ N

-

WHAT IS YOUR GUESS? 13

THAT IS INCORRECT.

THE NUMBE U ARE TO GUESS 1S AN
INTEGER IN THE RANGE 1 TO 25
INCLUSIVE,

WHAT IS YOUR GUESS? 8

THAT 1S INCORRECT.

THE NUMBER YOU ARE TO GUESS IS AN
INTEGER IN THE RANGE 1 TO 25
INCLUSIVE,

WHAT IS YOUR GUESS?

/

HIDDEN TREASURE

A 2-dimensional variation of GUESS is a program we
will call HIDDEN TREASURE. The hidden treasure is
located somewhere on a 10 by 10 grid.

NORTH"

10 /

9

8] .
W E
£ 3
L T

3

2

1

12345678910
+SOUTH

The game player makes a guess at the location by speci-
fying a pair of coordinates. Mathematicians generally
specify the right-left coordinate first, and the up-down
coordinate second. Thus, the directions 1o the game
players are 10 enter a pair of numbers, ceparated by a
comma. The first number is the east-west coordinate of
the guess, and the second number is the north-south
coordinate of the guess.  *

v

WHAT IS YOUR GUESS #17 5.9
GO SOUTHWEST TO FIND THE
TREASURE.

WHAT 1S YOUR GUESS #2?

The game player’s first guess is the point {5,9). The
computer analyzes this response and indicates that the
hidden treasure is southwast of this guess. The game
players next guess might be the point (3,4). This is
somewhat 10 the south and considerably 10 the west of
the first guess. .

Many of our comments about GUESS also apply to
HiODEN TREASURE. This is certainly a more mathe-
matically sophisticated game. The student is dealing
both with 2-dimensional coordinates and with compass
directions. Thus the opportunity for learning is greater. -

As with C'JESS, it is possible 10 program a version of
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HIDODEN TREASURE $0 that some teaching goes on as
the student ‘uses the program. Suppose the student’s
initial guess is (5.9) and the computer responds with
GO SOUTHWEST. Ii the student’s pext response is
{(7.10} the computer might respond:

YOU JUST MOVED NORTHEAST. YOU
ARE MOVING AWAY FROM THE
HIOODEN TREASURE.

The computer can be programmed to graphically
display the search space. After a guess of (5,9) the
machine could respond:

GO SOUTHWEST TO FIND THE
TREASURE.

NORTH

WEST EAST

b3 £
]

LIS R X X
Ft. N
MR Y A
. ;._-!?
EH

123456789510
SOUTH

.t

The most recent guess is indicated by a dark square and
the shaded {or colored) region is where the treasure
must lie. ’

A game such zs HIDDEN TREASURE seems more
interesting to young students than does GUESS. They
will play it over and over again and take pride in finding
the treasure in a small number ¢f guesses. Many of the
computerized adventure games are merely elaborate
versions of HIDDEN TREASURE.

Applications

1. Play HIDOEN TREASURE with your class, with you
taking the role of the computer. Afier students
understand the game, divide them into pairs and
have them play with each other. The students play-

* ing the two roles are to write their résponses. so that
a written record is always available for postgame
analysis. Learning to keep a detailed and systematic
record of one’s activities is important to learning
science and mathematics.
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2. One can create variations on this 8ame, afnd com.
mercial games that teach related skills are available.
One such commercial 3ame is called BATTLESHIP,
or perhaps WAR. 1t iy likely that some of your
students know how to play. Each side places a num-

. ber of ships into a grid. Players take turns trying to
locate and sink their opponent’s ships. Have your
students explain the game of BATTLESHIP to you
and to others in the class who are not familiar with it.

Note that explaining a game is a valuable learning

experience. After all students know how to play,

have each student ‘write down what sorts of things
they iearn by playing the game. This same idea can
be used with any game having educational merit.

Students should he encouraged to become con-

sciously aware of what intellectual skills they are

exercising when they are playing a game.

3. A 3-dimensional version of HIDDEN TREASURE
could use the compass directions plus up-down. Toe
game then becomes BURIED TREASURE, and stu-
dents can play it with each other. Carry out the
activities of Application 1 using BURIED TREASURE,

4, Encourage your students 10 make up their own
games based upon ideas of GUESS and HIDDEN
TREASURE. For example, the treasure might be in
any one of 37 different rooms. where one must first
guess the room. The rooms may be of different sizes,
and one must guess where in a room the treasure is
hidden. Have each student write down his/her
game.

Exercises

1. In HIDDEN TREASURE, the computer’s reésponse 1o
an incorrect guess is one of eight possibilities, These
are GO NORTHEAST, GO NORTHWEST, GO
SOUTHEAST, GO SOUTHWEST. GO NORTH, GO
SOUTH, GO EAST. GO WEST. Explain how a

“tomputer can figure out which of tnese responses to
give. That is, imagine you zre a computer
programmer. You know the coordinates of the guess
and the coordinates of the location of the hidden
treasure. How do you use this information to figure
out the computer’s response?

2. Analyze HIDDEN TREASURE to determinéhow
many guesses it takes to find the treasure, provided
one uses an optimal strategy. For exainple, can one
always find the treasure in five or less guessest
Decide what 'the maximum number of needed
guesses is, and prove that your answer is correct.

TIC-TAC-TOE

Thei> are many common bwo-person competitive
games such as tic-tac-toe, checkers, chess and back-
gammon. 'or any of these games a computer program
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can be written 5o that the computer plays one or both
sides. We will discuss TIC-TAC-TCE (TTT) to see how
this is done, and look at the possible education al appli-
cations.,

TTT is a two-p'wyer garne, with players taking turns.
One player is designated as X and the other as O. A
turn consists of marking an unused square of a 3x3 grid
with one’s mark. The goal is 1o get three of one's marks

in a file (vertical, horizontal, or diagonal).
X
Before X's
game first
begins move
X X X
O
O h.¢ 8] h.4 O
O's X's O's
forst second second
move move move
X X X|O)X X|O|X
O O X |0
X O X o X O
X's O's X
third thied wins
move move

Although the game of TTT is simple, it does involve
some strategy. One needs to think ahead, determining
the consequences of a possible move, to play well. Of
course, if one is satisfied with playing poorly. then little
thinking is required; one can merely make random
moves. ‘

It is quite easy to program a computer to make
random moves in a game of TTT. You can easily
simulate this idea by hand. Prepare nine slips of paper,
numbered 1 through 9. Number a TTT board’s squares
1 through 9,

I 2 3
4 5 b
7 8 9

Let the ""computer’ 10 first and be X. To generale the
computer’s move, draw one of the slips at ran'om

4

Whatever number is on the slip is the computer’s
move.

After you decide upon your own move, mark it on
the game board and remove the slip that has that
number. Thus, when it is the computer’s turn to make
its second move there will be only seven slips left. Each
will be the number of an unused square.

A typical game generated in this manner might
appear as follows:

) 2 {3 1 13 i 2
X
4 X b 4 X o 4 X 6
7 B P 7 9 7
0 of
X% O’ X's
hrst nrs ' second
move move move
} 2 } H
X X1X X X
4 X 6 4 X b 4 X ‘b
9 . [£]
|0 0l0 0100
s X's O
secomd thargd wins
move mave

As you can see, X plays aimlessly and eventually loses.
At X'sthird turn, a move to squatre 9 leadsto a win by X,
assuming a minimal level of intelligence in subsequent
moves.

Usually seople who write game-playing programs
want the computer to play well. They are not satisfied

-with the aimless, random approach just illustrated.
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Therefore, they study and analyze the game very care-
fully, ahd then try 10 embody a program with their
knowledge and skill. The gafme of TTT is sufficiently
simple so that it is easy to write a procedure which
leads to good play. The TTT-playing procedure given
below depends upon numbering the squares of the
gameboardg as follows:

5

2 |6 13
7T 8
49 B

The procedure generates moves for X. When it is X's
turn to play, decide upon a move as follows:

1. If there is a iile {that is, a row, column, or diagonal}
containing 2 X's and no O, play in thzltile. {If two
such files exist. play in the fle containing the
lowest numbered unused space.} Otherwise:
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2. lf there is a file containing 2 O’s and no X, play in
that file. Otherwise:

3. Consider each possible remaining legal move, in
increasing numerical order. For each. see if the
result would be the creation of two distinct files,
each containing 2 X's and no Os. If {and a5 soon
as} such a move is found, make that move. If no
such move is found then:

4. Move in the lowest numbered unused space.

This TIT procedure can be executed by a person.
Alternatively. it can be programmed, and a computer
can serve as the agent that interprets and carries out the
move instructions. You should practice acting 35 the
agent. Play yourself a game, with the above procedure
generating X's moves and going first. You play G, and
try to beat the procedure, Notice that X's first move will
be in square 1, generated by step 4 of the procedure,

Suppose that you happen to respond with a move in
square 6.

It will turn out that X's second move will be in square 2,
again generated by step 4 of the procedure. X is threat-
ening to win, and you block by playing in square 5.

0O -

X's next move will be to square 4, based upon step 3
of the procedure. This move guarantees that X will win.
No matter how O responds, X will win on the next
move; this winning move will be generated by step 1 of
the procedure.

Applications

1. Have students in your class play TTT with each
other by both players using random moves. INumber
the board squares 1 through 9 and make slips of

*  paper numbered 1 through 9. Players take turns
drawing a random number and marking the move
on a 3x3 grid. Have each pair of students keep track
of how many times X wins, how many tlmes O wins.

and how many times “it’s the tat’s game” (a draw). -

Collect class statistics on a chalkboard and discuss.

In doing this activity, students gain experience in
learning and following a procedure, and in record
keeping. They will have fun seeing how poorly the
random move generator does, and thus see that they

FOUR—Educational Games Computers Play

are smarter than a random move generator. You can
tie this activity in with computers by pointing out
that a computer can be programmed t6 play a game
such as TET randomly. lust because a computer has
been programmed to play a game does not mean the
computer will always win, or even always play well.
Computers are not ‘nherently smart!

. Teach your students the four step TTT playing pro-

cedure given in the TTT section. Have each student
play several games against this procedure. First, do
this with the procedure making the tirst move. Have
students keep detailed records of each such game,
and who wins. Collect class statistics on the results.
Note that if X goes first and follows the procedure, X
will never lose. Thus, if a student claims to have
beaten the procedure, you will want to see the
evidence. This is one reason for having each student
record details of each game s/he plays.

Next, have the student (O} go first, playing against
the procedure, X. It turns out that O can win such a
game. Your students will enjoy searching for a way
to beat the computer procedure. Let one of your
students explain how and/or why it is possible to win
when O goes first.

It is a worthwhile learning experience for students
to figure out a method for keeping a record of a game.
Much of science is based upon the careful collec-
tion, organization, and subsequent analysis of data.
You might have several students explain their record
keeping systems. After several methods have been
illustrated. lead the class in a discussion of their
relative merits. Is one method cleatly better than
others? This is a typical real world problem with lots
of acceptable solutions, and no “Lest” answer.

. The game of NIM is played by two people. In a

typical version of NIM there is a set of 21 objects,
such as matches or coins. Players take turns re-
moving one, two, or three objects from the set. At
each turn, a player must remove between one and
three of the objects. the actual number being at his/
her discretion. The goal in the game is to not take the
last.object from the set.

Play the game on the blackbcard to |ilustrate it to
students. Then divide the class into groups of two
and have them play randomly. Random numbers in
the range 1-3 can be generated using numbered
pieces of paper drawn from a box or hat. Have the
groups and the class collectively keep track of
whether the first or second player wins more often
under random move conditions.

Next, let the students play as well asthey can and
encourage them to develop strategies. See if a
student can develop a winning strategy. Variations
on this game include starting with a different number
of objects. changing the goal to taking the |ast object
rather than not taking it. and allowing a different
range of objects to he removed each time. such as
1.4,
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Exercises

1. In Application 2 it is asserted that if X goes first and
follows the four step procedure given in the TTT
section then X will never lose. Convince yourself that
this is correct. Then write down a description of
what you did to convince yourself that X can never
lose. Your written argument should be conwncmgto
a feliow student.

In this exercise you are trying to prove that a par-
ticular procedure does what it is supposed to do.
Computer scientists spend considerable time trying
to prove that their programs are correct. Proving that
a procedure “works” or proving a program is
correct is quite similar to proving a theorem in
mathematics. .

2. in Application 2 it is asserted that if O goes first and X

foltows the four step procedure givenin the TTT sec-
tion that X can be beaten. Prove that this is correct
by giving an example in which Xloses. Compare the
difficulty of this exercise with 1 above. It is often
much easier to show something is not correct (by
finding a counter example) than to. prove it to be
correct.

3. Suppose X plays by the four part procecure given in
this section. Write a procedure to be followed by O
so that every game ends in a draw. Will every game
then be exactly the same? Modify your procedure,
making use of random move generation in an
appropriate place, so that not every game is the
same.

4. Is it possible to give a procedure to he followed by
the first player X, so that X never wins? Explore this
problem. If you conclude that it is possible, give a
procedure for X.

5. Write a computer program to play NIM (see Ap-
plication 3) against a human oppunent. The com-
piter first generates a random number (like a coin
toss) to determine wto goes first. The computer
makes its moves us' g a random number generator.
Be sure to have your program check the legality of
the human’s moves. If a move must he a number in
the range 1-3, then moves of 0 or 4 are illegal.

6. Obtain a cor uterized game of chess, checkers, or
some other hard’”.game. Try it out yourself and
then try it with several students. How do your stu-

* dents react to playing againstthe computer? Pay par-
ticular attention to the social interaction as students
team up in order to try to beat the machine. Write a
report on your findings.

VIDEO GAMES

You are undoubtedly familiar with the popular home
entertainment video games and their ““parents” found
in commercial entertainment centers. Almost all

involve a display screen, moving objects, hand
operated control units. sound and flashing lights. Some
are small hand-held, battery powered games, while
others use a regular AC power source and a television
set for a display screen. In some of the games a player
pits histher skill against the machine; others are two
persor games, with the computer serving as a referee
and score keeper. There is no doubt that these com-
puterized games have tremendous entertainment
value. What is their educational value?

An obvious, but usually overlooked educational
value is that these games demonstrate computer capa-
bilities. One can build a hand-held. battery powered,
compitterized machine that can play an intricate game.
When mass produced, the game is relatively inexpen-
sive (perhaps under $25 retail: and thus within the
price range of many millions of people. The more
expensive games illustrate the use of hand operated
controllers and keyboards for computer input. They
make use of quite intricate computer graphic displays,
often in color. Such machines tend to be reliable and
durable.

A second. and often overlooked. educational value
of these process control games is the insight they
provide into computer simulation. You have undoubt-
edly heard of computerized pilot trainers, driver
trainers, spaceship control trainers, and 5o on. Some of
the commercial entertainment center video games are
merely simplified, less expensive versions of these
trainers. A computer simulation of piloting a plane can
be 50 close to the real thing that it is a substitute for a
substantial part of actual flight experience. That is, the
compuler can simuyla'e many aspects of the “real
thing.” We will discuss computer simulation in more
detail later in this chapter and briefly in a later chapter;
it is one of the most important applications of
computers.

To learn more ahbout the possible educational value
of the process control games, let’s look at one in more
detail. Among the first such games. and of lasting popu-
larity, are those which simulate certain aspects of ping
pong or tennis. We will use the name PADODLE BALL
for a game title. PADOLE BALL can be played against a
computer or against a human opponent. One uses a
hand-held controller to move a paddle on the display
screen, The objett is to hit a moving “ball”’ on the
display screen. Missing the bal! results in a score for
your human or computer opponent.
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Such games teach hand-eye coordination, two
dimensional spacial visvalization, and intuitive
geometry. You watch as your opponent moves hisfher
paddle to intercept the ball. You anticipate the angle of
rebound. and begin to position your paddle. Yaur eyes,
brain and muscles must work together to solve intricate
angular-rebound problems and to quickly position
your paddle. Skill increases with practice.

Another possible educational value of such games is
the scoring. From a student’s point of view, here is a
“practical’” application of counting and of record
kecping. A common variation of PADDLE BALL
involves a player hitting a ball against a brick wall that is
many bricks thick. As a brick is hit by the ball nt disap-
pears and one’s score increases, The interior bricks are
worth more points. One plays the game over and over
agairn,  trying to better one’s previous score or the
scores of other people.

We mentioned earlier that skill in playing most video
games increases with practice. This is an imporant
thing for students to learn. €ach time a student en-
counters a new learning situation {for example, a new
game or a new type of problem)} the student’s jnitial
performance level is apt to be low. But with study and
practice the performance level will improve. If a
student.goes through this cycle many {imes sfhe will
develop confidence in hisfher ability to learn.

Developing confidence in one’s ability 10 master a
new situation, learning that one can learn, is one of the
most important goals of education. Every student.can
learn to play a video game. Every student will find that
hisfher skill increases with practice. Everv student can
experience pleasure and satisfaction with this increased
skill and can internalize the idea that increased levels of
performance require time and practice. Thus, video
games can make a significant contribution to a
student’s educational development.

This analysis helps explain why some students
become video game addicts. The games are designed
s0 that one gets better with practice; that is, ex-
periences more and more success. There are no
permanent records (bad grades) for not doing well.
One can compete against oneself and/for against other
students’ high scores. If a particular game isn‘'t much
fun. one stops playing it and tries a new game. One is
not forced to play a particular game. {Contrast this with
school or with other aspects of life in our society)

Applications .

1. Ask your class 1o describe their experiences with
video games, and what they like about these games.
You may gain insight into the outside-of-school ex-
periences of your students and how broad an impact
video games have had. Keep in mind that traditional
school must, in some sense, compete with this out-
cide-of-school ‘world.

b
2, Have students bring hand-heid e’actronic games to

'.
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school. Allow each student to play with several
games. Each student is to write a brief report on
which game has the most educational value {and
why), and which game is the most fun (and why}.
Both you and your students will gain insight into
how electronic games can be both fun and
educational.

3. If a computer is available, have your students play

one Or more games. Have a class discussion in which
students state which games they like best, and why.
How do the computer games compare in popularity
with the hand-held electronic games?

Exercises

1. Play several different video games. -(This may
involve a trip 10 your local computer store, depart-
ment store or commercial entertainment center.)
Describe each and discuss its possible educational
value. How could each game be modified to in-
crease its educational value?

2. Design {in Your mind} a video game with enter-
tainment yalye comparable 1o commercially avail-
able video 8ames, but educational value comparable
to usual classroom instruction. Describe your game
in considerable detail, pointing out its educational
and entertainment features. if you are a good
programmer. program your game.

3. In the past section we discussed ideas such a3 learn-
ing that one can learn and learning that skill in-
creases with practice over time. Give some examples
of how the traditional school curriculum deals with
these ideas. Suggest some changes in this curriculum
that might lead to increased student insight into
learning about learning.

4, Dungeons and Dragons is a widely played game in-

volving imagination. record keeping, and group in-
teraction. Although Dungeons arid Dragons was ori.
* ginally a paper and pencil game, compl.nerized
vanations are now widely used. Students spend liter-
ally hundreds of hours mastering and playing the

game. Investigate this phenomenon. What do stu- .

dents learn by playing Dungeons and Oragons? Is
what they learn considered relevant to the school
curriculum? (Some schools teach D&D as part of
their curriculum and encourage students to par-
ticipate in D&D groups.}

[

SIMULATIONS (RULER)

Many of the ideas discussed so far in this chapter can
be combined 1o construct very iniricate simulation
games. Since simulation games are often designed
especially for education. and since many educators
frown upon allowing students to play games, we will
use the shorter name simulation.
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The computer simulation RULER allows the game
player to be the ruler of a country. Imagine yourself 45
ruler of an ancient country, making decisions as to how
to allocate resources. How much gran should be
planted, and how much used to feed your people?
How many people should be farmers, how many
should be soldiers, and how many should build monu-
ments to appease the gods or 10 increase the glory of
their ruler? How does your country cope with poor of
abundant harvests. increasing or decreasing
population. enemy invasions of natural disasters? Good
decisions, plus some good luck., can lead to an In-
creased popularity and long reign for you. A poor
showing on your part leads to a revolution.

A computer simulation such as RULER is exciting.
The simulation may be historically accurate, gving
good insight into life in ancient times. Making correct
decisions may require a careful analysis of resources
availablg, and may require taking into consideration

-the probabilities of vartous events occurnng. Good
math skills are needed to play well. Thus RULER is both
fun and educatiovai.

Computer simulations can add a new dimension to
education. They can put 2 student into an environment
that would be difficult or impossible to bring into a
classroom. They can create problem situations of an
authenticity and relevance not readily duplicated by
other educational aids. This is particularly important
since most problems presented to students in their
schoo! work are both contrived and rather silly. The
typical textbook problem 15 not representative of the
real world nor is it inherently interesting to stuZents.
Computer simulations can be nch n problem-solving
requirements and opportunities; substantial learning
can occur in such a highly motivating environment.

There are many simulations commercially available,
and more being developed all the time. But the
development of an educationally sound simulation is
difficult and quite time consuming. It requires a good
knowledge of the situation to be simulated, learning
theory, and computers. As with other computer
assisted learning materials,. a team approach is quite
commonly used. In any event, a single high quality
computer simulation can casily require 500 to 1000
hours or more of development time on the part of
highly qualified individuals. Thus, it is not surprising
that most of the best computer simulations are aimed
strictly at the entertainment market, where potential
sales are currently much larger than in the education
market. Moreover, most currently available
educational simulations were written for secondary
school and college students. Again, this is because at
the time of their writing the potential audience of ele-
mentary and middle school student users was very
smali. But now that computers are becoming available
for use in the [ower grades there will be an increasing
number of simulations written for younger students.

A simulation need not depict a real world situation.
One can simulate imaginary situations such as wars in
outer space, looking for hidden treasures in a land of
caves and dragons, or adventures In imaginary coun-
tries. There are many excellent examples of this type of
software commercially available. This type of com-
puterized entertainment is more than 2 match for tele-
vision with a growing collection of children (and adults)
who have easy access to compuiers. They will play for
hour after hour, actively involved in trying to figure out
detals of the Bame and how to improve upon their pre-
vious performancas.

Exercises

1. Play some computerized simulation-games and/or
observe some students and aduhs plaving such
games. Discuss what you learn, paying special .
attention to the potential educational merit of the
simulations.

2. Design (in your mind} a simulation that would have
substantial educational value and would also be fun
to use. Describe it in some detail. Discuss its educa-
tional value relative to more conventional means for
teaching the same materials.




CHAPTER FIVE

AUTOMATED SYMBOL
MANIPULATION

A computer is a machine designed for the input,
storage, nicnipulation and output of symbaols, The sym-
bol set used inside a computer consists of letters, digits
and punctuation. A computer can function auto-
matically, rapidly and accurately following detailed
step by step directions stored in its memory. In other

. words, a computer is a high-speed, automated symbol

manipulator. - -

The human brain, often aided by paper and pencil, is
also a symbol manipulator. It is more versatile than a
computer. but not as fast or accurate, Thus, com-
puterized symbol manipulation can be a valuable aid
to human inmellectuai activity.

Historical Sketch

Human beings are blessed with considerable intelli-
gence and sophisticated language skills. A sound
(spoken word} can be used to stand for an object. A se-
quence of sounds forms a sentence; allowing complex
ideas to be communicated. With spoken communica-
tion, information is preserved from one generation to
the next. and an accumulation of knowledge is possi-
bie. Early human beings developed this skill. perhaps
hunJdreds of thousands of years ago.

But the human memory has limitations; and accurate
memorization of a large amount of information is hard

. work. Thus, it is not surprising that people began to

develop memory aids, written symbols, to supplement
pure memorization. Charcoal marks on a cave wall
could stand for the passing days. aiding in the pre-
diction of when the moon would again be full. Pictures

of successful hunts could serve to remind people of
great events of the past, s
Eventually the time in human histors: was right for the
development o?\agricullure—-raising crops and animals.
This increased the need to measure time, to count, and
to measure land. 'Time measurement was impartant so
that crops wouldbe planted and harvesied when the
weather was apt{ to be appropriate. Counting was
useful in keeping track of quantities of animals and of
stores of fazm produce. Geometry (earth raeasurerpent)
was necessary 1o keep track of the location of one's
lands, especially in areas that were flooded each year.
The development of agnculture also ailowed for a
larger leisure classt-people who did not have to spend
all of their time dt phys.cal labor in order to have
enough to eat. Thete was more time for thiisking, learn-
ing. accumulating knowledge. More sophisticated writ-
ten symbol systems were developed; reading and
writing were born. Often the accumulated knowledge
seemed like magic|to the uneducated. adding to the
prestige and powef of the priests, witch doctors, and
scholars who were|able to use it, Very early in kiuman
history it was realized that knowledge is power.
Almost all humans easily master the spoken language
of their community, often developing considerable skill
by age two orthreg. Counting and simple mental anth-

metic are also leafned without much benefit of formal -

instruction. But the use of written symbols to stand far
words and numbegrs is not so simple. Years of instruc-

tion and practice/are Yequired to develop good skills in”

these areas which are part of the “’basics’”” of a modern
education.

Moreover, as societies became more complex, the
problems to be represented and solved using written
-symbols became more complex. Thus human ingenui-
ty began to Jook for aids to solving the problems. we
shall briefly/discuss three types of aids. Think carefully
about these aids,since they provide useful.insight into
our educational system,

First, .consider the symbois theinselves. You are
familiar with Roman numerals.

FAL W v Ve vIE vl X X X XIE XN
s

The Roman numeral system is useful for dealing with
“relatively small, positive integers. But it is severely
limited. Can you count to a million using these sym-
bolst Can you represem and deal with zero, negative
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numbers, fractions? The Hindu-Arabic numeral system
we now use is far supefior to the Koman numeral
system. |t took thousands of years for mathematicians
t(;.ci'n:velop the number system we now teach to ycung
children.

{

One might make similar comments about an
alphabet-based writing system versus a picture-based
system. To your author, at least, the learning of a 26

character “atphiabet ‘seems simpler than learning the-

thousands of characters in a language such as Chinese
or Japanese. However, young Chinese and Japanece

students master these languages, so it must not be too_

difficult.

But think of how much casier spelling would be if
every word,was ;spelled exactly the way it sounds.
Think of how much easier grammar would be if there
were no irregular verbs, Our written language syster: is
useful, but leaves a lot 10 be desired!

= eream

TTFe field.we now call mathematics is representative
of a second type of progress in deaiing with hard prab-
l2ms. Considér, for example, one of the difficult prob-
lems of land measurement. Right angles must be pre-
cisely constructed. One way 1o solve this is 2 i equal-
ly spaced knots in 2 rope. and then make a three-four-
five triangle. The result is a right angle.

-

'
il

A generalization of this idea is the Pythiogorean
heorem. If a, b, and c are lengths of sides of . tight
triangle (c is the longest side) then

c?=a?+b?

This fact is very useful in surveying and navigation.
Mathematics gives us symbology to represent many
complex problems and ideas. it gives us algorithms to
add, subtract, multiply and divide whole numbers,
fractions and decimal fractions. Mathematics is a tool
essential to ungineeting and science. The development
of a mathendatical idea may be enough to immortalize
a person (Euclid's geometry; Pythagorear, Theotem).
But the crucial point is that people with only ordinary
ability in math can build upon the work of the mathe-
matical geniuses. High school students of today rou-
tinely solve math problems that stretched the capa-
bilities of the greatest mathematicians of Euclid’s time.
A third wave of aid to problem solving is machines.
The abacus was developed about 5,000 years ago and
eventually became a common aid to calculation. it has
proven to be such a valuable aid that its use cortinues
even today. Many elementary school teachers find that
an abacus or bead frame is helpful in teaching addition,

__subtraction, _place.. value, carrying_and_boriuwing. ~

Storekeepers in some countries still use an abacus asan
everyday col.

It is interesting to examine computation in Western
Europe in the early 1600s. Tha abacus was a standard
tool. But the Hindu-Arabic numeration system was well
entrenched, aiong with paper and pancil algorithms for
addition, subtraction, muliplication, and division
similar to those wg currently use, A philosophical strug-
gle arose between those favoring usg and teaching of
the abacus versus those favoring the teaching of paper
and pencil algorithms for atithmetic, In Western
Europe the latter group won out, and use of the abacus
nearly disappeared. In Eastern Europe and in Asia use
of the abacus continued.

But the paper and pencil algorithms were difficult to
learn, requiring considerable memofization of number
facts {the “times’” table, for exarnple} and considerable
practice. Thus, while many people learned simple addi-
tion and subtraction, multiplicatior. and division were
advanced v Jics offered in higher education. Many
quite educared people of that:time perioa could not
solve multiplication and division problems of the sort
that students currently in our grades 5-7 are expected
to handle. (Perhaps we should not become so dis-
couraged when young students are not aole to master
these difficult algorithms.)

g




Not surprisingly. then. the 1600s saw the de-
velopment of mechanical digital calculators that could
perform the four basi” arithmetic calculations. Initially
such machines were hand built, one-of-a-kind. expen-
sive and unrehable. But the technology of the time was
adequate, and eventually good quality calculators
became available in government and business. Such
machines were sufficiently expensive that their
a\iailabilily in, and impact upon. general education was
nil.

One of the early calculators which could add and
subtract'was built by Blaise Pascal. who also made ma.
jor contributions to the mathematical knowledge of his
time. A modern programming language, often used in
college courses for computer science majors, has been
named Pascal in his honor. Pascal is often credited
with being the first person to build a calculator. This is
certainly nui cerrect, since ther. is solid historical
evidence of Withelm Schickard baving buiit a four
function calculator in 1623, the year in which Pascal
was born. '

In the 1820s and 1B30s, Charles Babhage, an English-
man, began trying to build a general-purpose com-
puter. Babbage envisioned an automated <¢alcula-
ior, able 1c carry out a sequence of calculations and
store the intermediate results. Although the tech-
nology of his time was not adequate to the task, Bab-
bage developed many of the principals of modern com-
puters. Ada Lovelace, a daughter of the poet Byron,
developed ideas of computer programming for the
machine Babbage was trying to build. She is
acknowledged as the world’s first computer program-
mer. A programming language that has been de-
veloped for and adopted by the United State military
services is called ADA in her honor.

About 2 hundred years after Babbage’s work, in the
late 1930s. people again began to develop —eneral-pur-
pose digital computers. An electromechanical
machine, called the Mark I, was developed by Howard
Aiken at Harvard University and became operational in
1944. This machine did what 8abbage had envisioned.
However, it was quite slow. requiring several seconds
to complete a single arithmetic operation.

The first general purpose electronic computer built in
the United States, called the ENIAC, was developed by
John Mauchly and J. Presper Eckert at the University of
Pennsylvania. The ENIAC became operational in
December, 1945, It used vacuum tubes for switching
circuitry and was several hundred times as fast as the
electromechanical machine developad by Aiken.

Many of the basic ideas for an electronic digita) com-
puter were developed by Joseph Atanasoff at lowa
state College (now lowa State University) during the
late 1530s and early 1940s. Significant progress also
occurred i England and Germany during this time. As
with ma, nventions, nearly parallel development
went on in several distinct locations,

Both the Mark | and the ENIAC were designed to
automaticallv, rapidly and accurately carry out a se-
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quence of calculations. The ENIAC was approximately
a thousand times as fast as a person using a desk calcu-
lator. A change of this order of magnitude is revo-
lutionary! Consider the speed of a person walking, say
5.5 km/hr; the speed of a car, say 55 km/hr; the speed
of a propeller driven airplane, say 550 km/hr: the speed
of a supersonic jet plane. say 2,200 km/hr. This total
range of speeds represents a factor of 400 from the
slowest to the fastest. The first electronic digital com-
puter represented a much larger factor of chznge, and
it was only the beginning. The fastest computers of to-
day can multiply or divide a billion times as fast as a
person using pencil and paper.

-

HOW LONG TO TRAVEL ACROSS THE U.8.7

After compfeting ENIAC, Eckert and Mauchly con-
tinued to develop computers. They developed the
1951 UNIVAC I, which was the first commercially
available gcneral purpose computer. This was a
vacuum tube based machine. as were all of the early
computers But the transistog was invented in 1947 and
the idea of using tiny donut-shaped electromagnets for
primary memory was developed at nearly the same
time. It took about a dozen Years to get these devices
into mass production and widespread use, By 1960,
good quality, reliable machines, employing transis-
torized circuitry and magnetic core primary memory,
were on the market. Thousands of these machines
were sold, and the age of computers was wel] under-
way.

In tracing the history of computers it is easy io be-
«ome mesmerized by hardware progress. But software
progress has also been substantial. The ENIAC was pro-
grammed by connecting wires between memory loca-
tions, much like on an old-fashioned telephone switch-
board. John von Neumann and others suggested the
idea of storing programs in the primary memory. Out of
this came the idea of machine language, the language a
panicular machine constru ted to be able to “under-
stand.”’

Machine languzge instructions differ between dif-
ferent brands of computers. Moreover. it is quite easy
to make a small error while doing machine language
programming. For example, one may code an in-
struction as 80903521793 when intending to write
80903251793. The smallest error of this sort generally
results in a program that doesn’t work right.
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One simple aid, assembly language, was immediately
developed. Abbreviations such as ADD, SUB, MUL
and DIV were substituted for numerical codes repre-
senting addition, suhtraction, and so on. Memory loca-
tions could be given names such as PRICE, HOURS,
OATE and ACCOUNT. A computer program, called an
assembler, could translate asserioly ianguage programs
into machine language programs. Assembly languages
and assemblers increased programmer productivity,
decreased programming errors, and made it easier to
learn how to program.

The idea of developmg software 10 make it easier 10
learn to program and easier to program has been a driv-
ing force in the computer field. In the early 1950s it
took a year or more for a person 1o learn an assembly
language and develop a reasonable leve; of skill in its
use. Most people were not willing to devote this much
time and effort to learning how to use a computer. Bet-

ter Ianguages, better human-machine interfaces, were

-needed.
FORTRAN developed during 1954.1957, is an excel-
lent example of a better language. It was designed for
scientists and uses the mathematical notation familiar
1o all scientists. A physicist or engineer can develop a
useful level of FORTRAN programming skill in a modest
number of hours of instruction.

FORTRAN was the first widely adopted “higher
level” language—that is, a language more sophisticated
than assembly language. it was followed by COBAL. de-
veloped for business data processing: ALGOL: another
science.oriented langu.ige; and a variety of other lan-
guages. FORTRAN, CIBOL, and ALGOL have been
widely adopted throughout the world and are still in
widespread use. All of these languages have the ad-
vantage of being machine independent, or nearly so. A
FORTRAN program written to run on one brand of
computer is apt to run correctly on a wide varety of
other computers. A programmer learns one language,
and can use that language on a varietv of machines. .

As computers became cheaper and more readily
available, it became evident that a person did not need
to be a graduate level scientist or engineer to use one.
The language BASIC was developed at Dartmouth Col-
lege in the early 1960s for use by undergraduate
students in all disciplines. Its use quicltly spread to high
schools and to junior high schools. With proper textual
materials, teacher help and computer access: éven
elen.entary school students can learn a language such
as BASIC.

You should be aware, of course, that BASIC was
developed for college students. Languages more suited
to the aeeds of elemeitary school students have been
developed, and new ones will be developed in the
future. The language Logo, developed by Seymour
Papert of Massachusetts Institute of Technology, is
gradually gaining acceptance; it is specifically designed
for elementary school students, and is now available on
several different brands of micrucumputers. Research
on the use of Logo with grade school students sug-

~

gests that it is an excellent aid to learning in a variety of
disciplines such as math: science, language arts, art
and music, as well as in learning about computers, )

Progress in transistor technology during the 1950s
and 1960s led to mass production of transistors, then
to integrated circuits, Initially an integrated circuit con-
1ained the equivalent of a few dozen transistors and
other electronic components, but cost about the same
1o produce as a single transistor. The price of com-
puters went down-—as did the price of irunsistor radios
and other electronic equipment.

Eventually it became possible to manufacture a singie
circuit containing the equivalent of thousands of tran-
sistors and other electronic components. This was
called a large scale integrated circuit (LS1). This progress
led to minicomputers (smaller, less expensive com-
puters) in the latier part of the 1960s; and to hand held
calculators in the 1970s. Since about 1975, hand held
calculators have been cheap enough to be a common
household-item;-and to" be‘avallable'ln'elememarv:rrd
middle schools.

Progress in chip technology has not slackened The
mid 1970s saw the introduction of the first micro-
computer, and by 1980, hurdreds of thourands of
these computers had been sold. The first hand held

computer, programmable in BASIC, became
commercially avatlable in 1980. It is the size of a hand
held calculator, but contains a full alphabetic keyboard

a6
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in addition to the numeric symbols. By early 1981, . Exercises
several easily portable microcomputer systems were
commerciaily available. The fast chapter of this book
louks at the future. Continued rapid progress of both
hardware and software can be expected.

1. Think back over your formal education. Have you
received explicit instruction on the idea of building
upon the work of others to solve problems? Write a

Applications

1. Have students study varitus mumeration systems
and write brief reports on how 10 do arithmetic in
these systems. For example, how does one add num-
bers represented using Roman numerals? How does
one multiply numbers represented using Roman
numerals?

A numeration system, such as the Hindu-Arabic
system now commonly used throughout the world.
is not “God given.” Rather, it is developed by peo-
ple over a period of many years. The current system
is widely used because it is better than earlier sys-
tems. As students explore early numeration systems,
they can compare them with the Hindu-Arabic sys-
tem o see advantages and disadvantages.

Some students enjoy developing their own sets of
numerical symbols and ways of representing num-
bers. You might have a contest to see who can
develop the ost interesting, unique or useful
numeration system.

. How do we build upon the work of others? DisCuss
this general concent with your students. and give a
few examples sucn as via our language and numera-
tion system, our writings {textbooks. poetry. etc.),
music and art, machines and prepackaged cake
mixes. Then have each student do a brief report on
how the work of people in the past affects them
now.

. The transistor is one of the great inventions of
science. What can a transistor do. and where are
transistors used? Develop a science unit focusing on
these ideas. Students can collect pictures. bring in
equipment containing transistors. write reports and
in other ways increase their awareness of the wide-
spread use of transistors.

When transistors first became commercially avail-
able in the early 1950s. a single transistor cost more
than the vacuum tube it was designed to replace.
But the transistor was more reliable and rugged and
used much less electrical power. Now, a single large
scale integrated circuit may contain the equivalent of
50,000 transistors. and yet cost just a fev: dollars. (in
early 1981, Hewlett-Packard Corporation an-
nounced that it had developed a very large scale in-
tegrated circuit containing 450,000 transistors.) The
heart of an inexpensive hand held calculator is a
chip (a farge scale integrated circuit} costing perhaps
one dollar. Such chips are now used in radios. televi-
sion sets, automobiles and in thousands of other
devices. It is no wonder that the inventors of the
trar.sistor were awarded a Nobel prize!
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shoit paper discussing the nature and extent of how
this idea was explicitly or implicitly built into your
formal education, and d'scuss the educationai im-
plications of how our current curriculum treats this
topic.

2. Select one of the four basic arithmetic operations
and give two differemt paper and pencil algorithms
for doing the calculation. Compare and contrast the
two algorithms. Make sure you discuss such things as
ease of learning, ease of use, speed. e25e of remem.
bering. and value as a foundation for future learning.
in what sense is using these algorithms merely sym-
bol manipulation; that is, how much thinking and
understanding is required to use the algorithms?

3. 1tis possible to estimate the time of day by examin-
ing the sun, use of an analog watch, use of a digitai
watch or by dialing the *“time’’ information service
on a telephone.

a. Discuss the difference between being able to de-
termine the time of day and understanding or
knowing the meaning of time.

b. Compare and conjfast various methods of telling
time (see 2. abové!.

4. A calculator can ﬁ{e thought of as a machine that
can manipulate . numerical symboils. When hand
held calculators. became cheap and reliable, accep-
tance by adults for use by adults was widespread.
Mosl homes now contain a calculator. and sales in
the United States probably exceed 30 million
calculators per year. But similar rapid acceptance in-
to elementary and middle schools has not occurred.
Give your opinion as to why. Predict what you think
will happen with calculator usage in schools over the
next ten years. and givc arguments to suppoit your
prediction.

5. Musical notatton provides a gocd example of the de-
velopment of a language to aid communication in 2
particular field., Study the history of the development
of musical notation. Discuss the quality of our cur-
rent system. Is it adeguately powerful, easy 1o use,
easy to learn. easy to remember? Can you suggest
improvements in this system?{

Symbols

. A computer is a machine designed to input. store,
manipulate, and output symbaols. At the most elemental
level almost all computers are designed to work with
just two symbols, which we designate by 0 and 1. Within
a machine theése symbols may be represented by d
switch open ot closed, current flowing or not flowing, a
positive or negative voltage. and so on.
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You are ’probabty {amiliar with Morse code, which Character EBCDIC ASCH
makes use of dots and dashes, or short and long tones. 0 1111 0000 0011 0000
—a - . d 1 1111 0001 0011 000 :
) t 2 1111 D010 00110010
3 1111 0011 00110011 M
4 1111 0100 0011 01O
S 11110701 00110MN ’
6 11110110 0011 0110
7 1Mo oo1ion:
a 11111000 0011 1000
9 11111001 0011 1001
A 1100 001 01000007
B 11000010 01000010
C 1100001¢ 01000011
D 11000100 01000100
E 11000101 01000101
T F 11000110 01000110
‘u LT B ; Sk
o ‘:é;ﬁﬁ}%%;\” '{“‘é'?? e ! 1100 1001 0100 1001
S o *"", J 1101 0001 0100 1010
-'im’“ S '? “*"’ S K 11010010 0100 1011
o 1101 0011 01001100
Using just the dot, dash, and spaces between groups of M 1101 0100 01001101
dots and dashes, all of the letters, digits and punc- N 1101 0101 01001110
tuation marks of standard written English can be repre- O 1101 0110 o000
sented. From this it should be evident that a computer P 11010111 0101 0000
that can work with just the symbols 0 and 1 is in no Q 1101 1000 0101 0001
sense limited; one can code other larger symbol sets us- R 1101 *J01 21070010
ing 0's and 1's, S 11100010 0101 0011
There are various binary coding schemes, methods of T 11100011 0101 0100
using the symbols 0 and 1, to represent elements of a U 11100100 0101 0101
larger symbol set. One method used to code numbers Y 11100101 0101 0110
is via positional notation. Thus, one can count in binary w 11100110 0101 01
in a manner simitar to counting in base 10notation. See X LRRUVIVIR R 01011C™)
Tabie 1. Y 11101000 0101 1001
Z 11101001 01011010 °
blank 01000000 00100000
Binary Numbers Base 10 Numbers - 01111110 00111101
0 0 + 0100 1110 00101011
1 1 - 01100000 -, 00101101
10 2 A 0101 1100 00141010
1" 3 i 01190001 00101111
100 4 ( 01001101 0010 1000
10% 5 } 0101 1101 0010 1061
110 6 : 01101011 001G 1100
m 7 . 0100 j01 00101110
1000 a $ ™91 1011 00190100
1001 9 ‘ ot 110 00100113
im0 10 o 0100 110G 00111100
07 1i 01101110 00111110
1100 12 : 01111101 0011 1019
1101 13 : 0101 1110 0011 1013
Etc. fc. i 01111010 00100010
Tabic 1. Counting in Binary. Tabie 2. ACSIl and EBCDIC Codes.
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Table 2 contains two widely used coding schemes: -
the sev.n bit ASCli code and the eight bit EBCDIC
code. ASCHi stands for Amenican Standard Code for In-
formation Interchange. With a seven bit code, one can
represent 27=12B different characters. EBCDIC stands
for Extended Binary Coded Decimal Interchange Code,
With an eight bit code, une can represent 28« 256 dif-
ferent characters,

The typical computer use: a binary positional nota-
tion to represent numbers and to do arithmetic. It also
uses a code such as EBCDIC or ASCII to store char-
acters, especially for non-arithmetic manipulation.
Other coding schemes may also be used. so a com-
puter system may have several ways of coding the same
information, X

You may think that we are about to launch into a
discussion of binary arithmetic, conversion of numbers
between basc 10 and base 2, arithmetic in other bases.
and so on. by we aren’t! Most computer users {and
even many cor .auier professionals} do not need to un-
derstand these torics in order to make effective use of
computers. Modern computer systems are designed to
automatically handle conversions between base 2 and
base 10. They automatically convert between our
English alphabet symbols and the ASCIl or EDCDIC
binary codes. As far as the casual computer user is con-
¢erned, the computer works with base 10 numbers and
with the English alphabet.

Applications

Many chitdren enjoy working with codes, writing and
decoding secret messages. Activities such as those
gven below help increase insight into the use of sym-
bols to represent information.

1.Make a copy of the Morse code available to
students. Put & coded message on the chalk board
for students to decode. Try posting a “message of
the day” each day for a week or so. Make 1t of in-
terest to your students and instruct them not to tell
other students what it says.

2. A very simple numerical coding scheme for the
English alphabet is to use two digit numbers.

1ItA 18H 250 32V 39,
128 191 2P 33W 40!
13C 200 27Q 34X 41!
140 21K 28R 35Y 42 Etc.
1ISE 2L 29SS 36Z 43 Etc.
16F 23M 30T 37. 44 Etc.
17C 24N 31U 38 blank space

{in our table, 42, 43, 44 are intended to indicate
you can add more symbols) With this coding
scheme the rmessage SEE THE BIG CAT! becomes:

29151538301815381219173813113041

This might be broken into groups to make it easier to
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4, Consider codmg the digits 0, 1.
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decode and to help prevent errors. In three charac-
ter code groups the message is:

291515 383018 153812 191738 131130 413838

As with application 1, show your students the
coding scheme and give them a message to decode.
Have each student make up a message, code it, and
give it to another student to decode.

3. Students can make up their own coding schemes,

and generzally enjoy doing so. Have each student
make up a code and write a message. See if students
can decode these messages without knowledge of
the coding schemes.

Exercises

1. Represent the base 10 number\i\E
a. Using ASClI
b. Using EBCOIC o

c. Using Roman numerals
d. Using base 2 positional notation

2. Examine a Hollerith card f(often called &n 1BM
card) that has been punched with alphabetic and
numeric characters. Explain the coding scheme —the
pattern of holes—used.

3. There are exactly two single bit symbols 0 and 1. If

grouped into two bit symbols, there are four symbols
00, 01, 10, 11. If grouped into three bit symbols
there will be eight different symbols. List them. How
many four bit symbols are possible? How.many five
bit symbols? Suppose a binery code is to contain all
upger case and lower case letters and the other sym-
bols on a standard typewriter. Will a six bit code suf-
fice! Why?

. hy letters A, B,

. ). That is, O is represented by Al by)B. and so
on. Write out the table of one digit multiplication
facts using this code. How long do you think it
would take you to memorize this table? {To a certain
extent, your memorizing this table is much like a
young student memorizing the multiplication facts.
Rote memorization of ineaningless material is dlf
ficult.)

5.0ne way' to convert a decimal number such as
8.972,641 into base 2 positional notation would be
to extend Table 1. But this would take a very long
time. Another way would be to use a conversion
algorithm. Suppose that you don't know any such
algorithm. Do you think you could go to a library
and look one up? Try . This is an interesting in-
formation retrieval problem. Qur mathematics edu- ~
cation system is not good at teaching students how
to use a library to find mathematical information.
Eventually much information storage and retrieval
will be computerized. Still, it will be necessary to
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help students learn what information is stored and
how to retrieve it. ‘

Automated Symbol Manipulation

We began this chapter by defining a computer as an
“automated symbol manipulator.” Think about the
steps you go through in the pencil and paper multipli.
cation of two numbers such as 759 x 37.

759

X 37*‘

5313
" 2277

28083

Very likely you can perform such symbol manipula-
tion rapidly, accurately, with little thought. That is, you
have oeen trained to have a computer-like capability in

rithmetic calculation. A hand held calculator has the

same capability, but is likely both more rapid and ac-
curate than you. An electronic digital computer also
has the same capability, but may be thousands or even
millions of times as fast as a calculator.

Next consider what happens when you write. Your
inind conceives of an idea and formulates it into words
Automatically, with little thought, you spell out the
words using the English alphabet. You leave spaces be-
twegn words, insert punctuation and form sentences in-
to paragraphs. Writing is a form of symbol manipu-
lation. Certain aspects of writing such as spelling of in-
dividual words, indenting the start of a paragraph,
capitalizing the first word of a sentence, leaving a blank
space between words and ending a sentence with a
punctuation mark may be quite automatic. But con-
cewving and formulating ideas and orgamizing these
ideas as sentences and paragraphs require careful
thought.

This is an important 1dea. Certain parts of math prob-
lem solving are merely symbol manipulation that can
be automatically and rapidly performed by a machine.
Other parts require careful thinking; indeed, that 1s the
essence of math problem solving. Similarly, certain
parts of writing are merely symbol manipulations that
can be done with little thinking. and that can be greatly
aided by a typewriter or a computer, But the essen<e of
writing is the conception and formulation of idea,—the
high level thinking. This cannot be done by a machine.

Much of the accumulated knowledge of the human
race 15 represented as symbols written in books and

journals. Eventually most of this witt be stored-imcom= -

puterized data banks and will be readily available to
people who use computers as an aid to problem solv-
ing. Certain aspects of problem solving are “'merely”
automated symbol manipulatiorr. The idea is that peo-
ple who use both their brains and machines are much
more apt to solve difficult problems than people who
are restricted to just one of these tools.

Exercises

1. Check with five adults to see the last time they did
a paper and pencil long division of two digit oc larger
numbers {otherthzn for teaching students how to do
ith. Find out from each person his/her opinion on
allowing students to use calculators on this problem,
rather than mastering a paper and pencil algorithm.
For additional information, read the article by
Grayson Wheatley in the December 1980 ssue of The
Arithmetrc Teacher. Thei: write a paper on your fin-
dings and cenclusions about the importance of hav-
ing students master a paper and pencil symbol
manipulation algorithm forlong division of multidigit
numbers,

2. The library of a medium sized university may contain
a million books and bound journals, and increase its
holdings by 3% a year. Fstimate how many years it
would take you, read:ng eight hours per day, to read
one year’s acquisitions of such a library.

An alternative to memorizing the contents of a
library, or even reading all of it, is to know what is
available, how to find it and how to read it when
needed. Compare and contrast this idea with the
fong diviston and calculator ideas of Exercise 1.

3. In thys section we discussed how certain aspects of
writing and of math problem solving are merely sym.
bol manipulation, usuafly done automatically with
little thinking. Other aspects are hig" ly creative, re-
quiring high level thinking. Develop this analogy for
music performance/creation, and then for one other
area of your choice.

4. The astute reader may object to the a_tomated sym-
bol manipulation ideas of this chapter as heing too
narrow. How does this chapter relate to computer
graphics, to drawing color pictures, graphs and
charts?

The output mechanism for a computer can be a
color television display. The screen consists of many
thousands of small spots or dots. The spots can be of
a specified color and intensity. Thus, a picture or
graph can be stored in a computer memory as a col-
lection of numbers representing colors and inten-
sities.

Are there aspects of art that could be considered
symbol manipulation? What aspects of art education
and/or art might lend themselves to automated sym-
bol manipulation?

5. Avery useful diagnostic and research tool is having a

_c.h
a problem. The child verbalizes thoughts and ex-
plains why each step is being done. Try this with
several children Joing a multidigit multiplication or
division calculauon. To what extent does the ver-
balization indicate rote memory of an algorithm, and
10 what extent is knowledge of why lhe algorithm
works being displayed? .

o6
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CHAPTER SIX

PROBLEM SOLVING IN A
COMPUTER ENVIRONMENT

Remember back in Chapter 1 when vou observed
Terry. a third grade student. using a computer for drill
on number facts? After completing the drill. Terry con-
tinues to type. You ask. “What're you doing now?”’
Terry*replies, “I'm loading Logo. Let me show you
what it can do. it’s neat!”’

Soon the display screen is clear except for a small
triangle near the center.

g

Terry types FORWARD 70 and the triangle moves
toward the top of the screen, leaving a line in its wake.

B

Terry types RIGHT 90 and the s 'l triangle rotates 90
degrees to the right. The next . smmand. FORWARD
70, draws a horizontal fine.

@

You contintte to observe as Terry types

RIGHT 90
FORWARD 70
RIGHT 90
FORWARD 70

7 Terry proudly points oot the Tesulting square-

Sl

Upon further questioning you learn that Terry figured
out how to draw a square “‘a long tife ago’* and is now
engaged in trying to figure out how 10 draw a house.
From the determined and eager look on Terry's face
you leave, confident that Terry will probably succeed—
and not only in drawing the house.

What is Computer Programming?

Terry was writing instructions in a form that can be
interpreted and carried out by a computer, Thus, Terry
was programming a computer,

Computer programming covers a wide range of acti-
vity, from wha: Terry was doing up to and including the
development and implementadon of languages such as
Logo. BASIC and ADA. There is obviously consider-
able difference between a young child exploring the
rudiments of Logo and a professional programtner de-
signing a computer system to be used by thousands
of people throughout the world. It is much like a child
laboriously writing his/her first words and simple sen-
tences versus a successful author writing &« novel.

Certain ideas are inherent to computer program-
ming. They must be faced by the rank amateur and the
experienced professional. Among them are:

1. A computer hardware environment—dealing with
the phys.cal machinery.

2. A computer “oftware environment—dealing with a
programming language that can be “understood’’ by
the computer hardware.

3. Problem solving—figuring out /ow 1o solve a par-
ticular type of problem using the hardware and soft-
ware one has available.

Our children are growing up in an emironment
which includes non-computer hardware such as the
electric light. stove, refrigerator, television set. radio,
stereo, car, airplane, hand-held calculator and
telephone. Children easily adjust to ali of these
“natural” hardware pafts of their environment. It can
also be this way with computers. Children who grow
op inEcomputer i
need to know about the hardware. Very little formal
instruction is needed, and often this can come fromthe
child’s peers.

A computer software environment includes program-
ming languages. These languages are designed for
precise communication between people and

o7
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machires. Although a computer programming lan-  likely that the amount of access per student 1 severely
guage may be English-like in its general nature, its cffec-  limited, so that you cannot immerse your students in a
tive use requires a high level of precision. Most people  computer-nch environment. Also, currently available
re¢ uire constderable training and experience 10 de-  computer hardware and software 15 by no means child-
veloy the necessary level of skill to write programs of  proof. Some adult supervision and assistance is
sybstartial complexity. - therefore necessary.

The difficulty of learyng a programming language
varies with the language. We know that the human
brain has an innate capacity to learn a natyral language
such as English, Spanish or Russtan. We conclude that
natural languages agree with learning skills inherent to
the human brain. A child growing up in a language-nch
environment learns o speak a language very skillfully
without benefit of formal schooling.

1. Select a computer program suited to the interests
and level of your students and load it into the com-
puter system. Show one student how 10 use the pro-
gram. That student chooses another studemt and
shows him/her how to use the program. The process
continues yntil each student has experienced ysing

“the program and has shown another person how to
use it. {To accommodate the last student. you may
need to have that student show an aide or a student

The Logo programming language, developed by from another room how to use the system.)

Seymour Papen, was designed with the ideas of natural 2, Select a computer piogram as above, but this ime

language acquisition in mind. If a child s placed in a begin with the computer system turned off. The goal
computer-rich Logo environment, surrounded by this time 15 to help your students learn how to turn
others who are using the facility, and given adequate the system on and how tu load and run a program.
time and encouragement, the child will Igarm substantial Each student 1s to master this process in a “learn by
parts of the Logo language. This is learning by doing. doing and learn by showing’* environment.

learning by imitation, learning because it is fun to learn It 15 helpfui to design a license or certificate for stu-

. dents who learn to use a computer at this level. The
hicense might state that the student 1s fully certified to
use the computer system and to show others how to

use it,

3. Show your students how the computer hbrary {both
software and print matenals) is organized and how
to find a program that meets their needs. This activity
assumes, of course, that you actually have asoftware
library. The library might nhysically reside on tapes

Such learning is in sharp contrast to the way most and disks stored in your Schqol’s media center.
adults learn a programming language or a natural fan- Students need to learn to use this type of library just
guage. An Enghsh-speaking adult can learn Spanish or as they learr to locate print materials in a m‘edla
Russian, bu: it 15 usually quite hard work. In many center. Instruction should be inthe “learn by doing™
ways. adult natural language instruction 1s similar to mode. For example, a fifth grader should be able to
adult computer programming language instruction. go to the library and find a spelling drill program to
Adults emerge fromn the experience with the idea that fit histher needs. ) ' .

learning a language is hard work. If they have been .
learning a programming language. their conclusion is  Exercises

apt to be “hat only adults can accomphish such a diffi- | \we 565ume that by now you are reasonably skilled in

cult task. .

.. , programming in a language such as BASIC or Logo.
We know this is incorrect. Children, even at a pre- Think back E) when you were firsi lea ning to pro-
school level, can learn to program. Of course, we don't gram. Des ribe the experience and its implications
expect such children to write professional level pro- in helping children fearn how to program.

grams that will be widely sold and used. But we don’t o ‘
expect a first grader to write a great novel or poetry of 2. Did you. as a high school or college student, study a

lasting value. A child can learn to write programs that foreign language? If so, compare and contrast that

solve problems from the child’s worid. This can be a experience with the expenence you had ir earnien
— - xvehicle_tor jearming about a.wide vanety of topics.+n-—  -to-program. Your discussion should te- i with-your -
cluding computers. Terry 13 learming both geometry language acquisition as a child and include educa-

and programming by drawing a fiouse using Logo. tional implications.

. ar 3. The previous section mentions the icea of a “‘com-
Appllcatlons puer-rich’’ environment. Describe a computer-rich

The applications given here assume that you and environment for elermentary and middle school stu-

your students have access to computer facilities. It 1s dents. Are schools. homes and places of ¢ntertam-
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ment al) pari of this environment? What role can
parents play? What do you need t0 know to help
your stydents have a computer-rich environment
That s, what level of teacher knowledge is essential?

Problem Solving

Education has as one of its majo. goals helping sty-
dents learn to cope with problems of their current and
future world. Not only are there an untold number and
variety of current problems, but cld problems change
and new ones emerge as societies and technologies
change. The student who is learning to cope with prob-
lems is aiming at moving targets.

For a given person. all problems can be divided into
two categories. The first category consists of problems
the person recognizes as ones s’he knows how to solve
and can proceed to sole immediately. Generally,
these are problems that have been previously encoun- *
tered or studied. Computer scientists call such prob-
lems primitives. The seccnd category 1s all other prob-
lems—those not immedia‘ely solvable by that person.

Qur educational systera has recognized the dual
nature of problems. Rote memory, experience, drill
and practice—all can help bwld a student’s repertoire
of primitives. The problems chosen to be mastered in
this manner are usually the most frequent, the most ir-
portant, or the building blocks useful for attemnting to
solve the second category of problems.

How can one respond to a problem which is notim-
mediately solvable? Such problem solving is the
essence of intelligence; it is being able to yse one’s
senses to acquire data, one’s brain to process thé data,
and one’s body to take appropnate action. Problem
solving skills improve through study and practice.
Equally important, one learns to make use of and build
upon the work of others. The accumulated knowledge
of the human race is stered inits booxs, journals, films,
recordings, tools and instruments. Studeris learn to
make use of this accumulated knowledge.

BIRIC

* PAruliText provided by ERIC

There is a considerable difference between accumu-
lated knowledge stored in & book and accumulated
knowledge embodied 1n a tool or instrument designed
to accomplish a specific task. By and large, print
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materials represent a static storage of accumulated
knowledge. while tools and instruments represent a
dynamic storage. A book about bicycles is different
than a bicycle. A child can learn about bicycles by
reading, but learns different things when actually zc-
quiring riding skiils on a “real” bil.e.

A watch is an instrument that falls between static and
dynamic storage of accumulated knowledge. Inherent
to the construction of a watch is a tremendous amount
of scientfic information about the measurement of
time. A watch can be “read” to produce numbers
representing time. But the reader must have knowl-
edge to interpret these numbers, just as the reader of a
hook must have knowledge to interpret what is in the
book. for a person who can read a watch, the watch is
a most yseful instrument.

A computer, like a watch, is an instrument, but a
computer ts also a general-purpose aid to probiem solv-

ing. Like the watch, a computer spans the range from,

static to dynamic storage of accumulated knowledge.
Anything that can be stored in a book can also be
<tored 1n a computer. But a computer can follow a de-
talled ste p-by-step set of instructions. A computer can
act upon or act following the knowledge it contains.

A computer is like many of oyr tools or instruments
in that little effort 15 required to use it to do some ve.y
useful things. Suppose that a computer has been pro-
grammed to draw a graph or chart of some data. You
type in the data and out comes a graph or chart. What
could be simpler? Or suppose a computer has been
programmed to check the spelling of each word a
secretary types. Such an aid to word processing is now
in common yse,

Books are associated with the skills of reading and
wniting, which require considerable effort to master.
Similarly, computers are associated with skills such as
computer programming, the design and analysis of
algonthms, and hardware design and maintenance. it
takes a substantial amount of effort to learn these skills.

Every acaderuc discipline has problems whose soly-
ton can be aided or accomplished by a computer.
There is a growing collection of high quality programs
that solve or help solve the same types of problenis we
teach studerts to solve using pencil and paper or by
other means. For example. middle school students
learn to organize data and draw a pie chart to show
percentages falling into each of several categories. The
same data can be input to a computer which can output
a nicely drawn, multi-colored pie chart.

The educational implications of growing libraries of
computer programs are immense. If a computer can
solve or help solve a particular type of problem, the

—— 1 guestion-anses- What should_students be able ta da

mentally and what should they be abie to do with the
aid of other resources such as pencil and paper? There
are no simple answers to this question. But it is evident
that educators must learn these cornputer capabilities
s0 they can make reasoned Judgments as they guide
their students in acquiring a relevant. useful education.

1
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Exercises

1 What s a problem? First, cite examples from a
number of different areas. Next, give a general
definition that encompasses these examnles. Then
try to think of counter examples: non-problems that
fit your definition and problems that dont. Adjust
your definition.

2. Look for and examine instructional materials used at
the elementary and middle school level that define
problem solving and which are designed 10 help sty-
dents learn about problem solving. In what ways do
students receive explicit instrucion on problem
solvingl What assumptions does the instruction
make? Perhaps you can suggest some changes that
would lead to increased problem-solving abilities on
the part of students.

3. Many calculators have a square root key. Various
paper and pencil methods for calculating square
root are taught at the secondary school level, In your
everyday life, at home, work or school, do you ever
need to calculate a sQuare root using paper and pen-
cil? Discuss the education al implications of this situa-
tion.

Steps in Programming to Solve a Problem

Computer scientists have carefully studied the steps
1o be ‘ollowed in writing a program to solve a problem.
The steps discussed in this section would be followed
by a professicnal to produce a professionat quality pro-
gram. Elementary or middle school students learning to
program sheuld not be expected to follow all of these
steps in detail akfirst. However, the ideas of these steps
are imponant and they gradually should be made ex-
plicit to students a5 they develop programming skill.
Note how much of each step is independent of any
specific computer system or programming language.

ot 20s:
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problem is to be solved with the assistance of a com-
puter or by other means, the first step is always to try to
understand the problem. Qften it is the most difficult
step, Most problems are not clearly defined. It doesn’t
make sense to start writing a program to solve a prob-
lem before one understands what the prol:i!em is.

Problem understanding involves obtaining clear
specifications of what is known (what are the givensi),
what is wanted (how can we tell if we have solved the
problem?), and what are the ground rules, or allowable
types of operations. These three aspects of a well-de-
fined problem are worth remembering. Elementary
school students can 1eam them.

Often problem understanding is enhanced by ex- °

amining special cases or by working some examples by
hand. For example, suppose that a dictionary has been
stored on a computer system’s magnetic disk and the
problem is 1o wriie a program that accepts as input a
word and produces a5 output the word’s definition pro-
vided the word is in the dictionary. One can gain in-
sight nto this problem by looking up some words in a
printed dictionary and observing what difficulties mig’
be encountered. Added insight is gained by trying to
look up a word that is not in the dictionary.

All of a person’s formal and informal education and
experiences contribute 10 the area of problem under-
standing. A person with no training in business is un-
likely 10 be able t0 understand a business problem. A
person who cannot read will have trouble with a prob-
lem presented in written form. A person with a limited
vocabulary may not understand some of the words or
ideas used v expressing a problem. A person who has
not lived in our society may not understand our social
values and social problems.

STEP #2: SELECT OR DEVELOP A SOLUTION PRC
CEDURE. Suppose one has a good understanding of
the problemn to be solved and believes that a computer
will be a useful and appropnate aid. The next step 15 to
select or develop a solution procedure.

The term "select’’ suggests that one has a repertoire
of procedures available and merely needs to select an
appropnate one, Consider the following-example:

Problem: Pat goes inmo the candy store. A small bag
of candy costs 18 cents. Pat wants to buy four bags of
candy. How much will four bags cost?

Some first grade students and most second grade stu-
dents can read and understand this problem. What
procedures are available to such students! We rule out




procedures such as asking the clerk. The student is pro-
bably fairly good at counting and can do simple addi-
tion and subtraction problems. After some thought the
student might decide that the problem could be solved
by adding 18 to 18 to 18 10 18. But this is probably

- beyond the student’s formal addition skills. Thus, the

student is les to select counting as the procedure to be
used. The first bag is 18 cents. Starting at 19 cents the
student counts the second bag, hopefuly arriving at 36
cents. The countjpg process continues until the money
needed for four bags has been counted and the prob-
lem is solved.

Now consider a fifth grade student iaced hy the same
problem. The student can count, add. subtract, mul-
tiply. divide, draw a bar graph., and do many other
things refated to solving math problems. The selection
task is :nore difficult because of the wider range of
choices. The thought may pass through the student’s
mind that the problem can be solved by counting, by
18418+ 18418, by 4x18, and by 4x20-4x2. The
student’s wider knowledge means there are more right
ways and more wrong ways to attempt to solve the prob-
lem.

The selection process is essentially one of maiching
the given problem to a primitive, basic model orto a
pattern with which one is familiar. The second grade
student is familiar with money and the counting of
money. Thus this student is led to select counting as a
solution procedure. The fifth grade student is familiar
with motre complicated primitives such as multiplica-
tion and division. This student is also familiar with
models such as "' Total cost equals number of units pur-
chased times cost per unit.”’

Increasing students’ storehouse of basic models and
primitives may increase their overall level of problem
solving ability. More of the problems they encounter
will match their knowledge and can be solved by a sim-
ple selection and then execution of a procedure. How-
ever, the selection process becomes more difficult as
more models and primitives are added. Also, presum-
ably one studies the most useful models and primitives
first, eventually arriving at a state of studying those that
are useful only very infrequently. Therefore it should
be evident that acquiring more and more primitives
does not necessarily improve one’s problem-solving
skills, and may not be the best use oi one’s educational
time. Rote memory is an essential part of problem solv-
ing, but is only part of the total answer.

No matter how much one miemorizes, m .ny of the
problems one encounters are not primitives—they are
not immediately solvable. Certain general methods

_have been developed for attacking such problems.

Two ideas used by all computer scientists dreé Stapwise
refinement and subroutines.

In stepwise refinement, one systematically hieaks a
pr¢blem into smaller, more manageable oieces. Figure
1 illustrates this idea. if one can solve Subproblems 1,
2, and 3, then the original problem can be solved. If a
particular subproblem is not immediately solvable, fu:-
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ther stepwise refinement is necessary. The goal in step-

wise refinement is to break the original problem into
primitives.

ORIGINAL
PROBLEM

el e

SUBPROBLEM [ | SUBPROBLEM SUBPROBLEM
1 2 ‘3

Py

SUBPROBLEM SUBPROBLEM
2.1 2.2

/\

SUBPROBLEM SUBPROBLEM

SUBPROBLEM J
2.2.1 2.2.2 223

Figure 1. Stepwise refinement.

A subroutine is a self-contained piece of a program
designed 1o accomplish a specified task. Often the task
is one that must be accomplished many tlmes in the
process of solving a larger problem. For example, sup-
pose you want to write a program to draw a flower gar-
den. You might develop a subroutine to draw a daisy, a
second subroutine to draw a rose, and a third sub-
routine to draw a cloud. The picture will contain many
daisies, roses and clouds.

it is possible to develop subroutines useful in a varie-
ty of programs. Writing block letters of a specified size
on the computer display screen is an example. A library
ot such subroutines is an «valuable aid to the serious
programmef.

STEP#3: WRITE THE PROGRAM. If a problem is sim-
ple enough. then steps one and two can be done men-
tally. Writing a simple program is no more difficult than
composing a few sentences to form a short paragraph.

The more complex the problem. the greater the
amount of preliminary work before programming ac-
tually begins. For a really complex problem, the pre-
liminary analysis and representation of a procedure to
solve the problem may be three-fourths or more of the
total problem-solving task. For such problems, the de-
velopment and representation of a solution procedure
is done in detail before one begins programming.

At one time it was felt that a flowchart was a very
good way1o represent a procedure to be programmed.
In the late 19605 and early 1970s, a number of books
were written on ﬂowchamng But in recent years it has
considerable-limits
tiens and the teaching of it has diminished.

In place of flowcharting, or to supplement telatively
crude block diagrams. computer scientists now use a
natural language, stepwise refinement. This can be
written like the outline of an English composition
theme.
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In any event, much of the thinking for solving a prob.
lem 15 completed before one begins tc write program
statements. Indeed, on large programming projects a
programmer -analvst may carry out steps one and two.
while lesser pard people such as programmer-trainees
carry out the third step.

Generally the chaice of what programming language
will b= used 15 made durnng the trst or second step.
Sometimes the choice will be dictated by the work-
place situation. For xample, a company may happen
to do all of its programming in COBOL, or the com.
puter system to be used may only support the language
BASIC.

Each language has distinctive charactersstics that
make 1. partculady well suited to certain tasks. The
professional programmer s apt to be fluent i several
programming languages. and the choice of a fanguage
may be dependent upon the particular procedure to be
used to solve the problem.

STEP #4: PROGRAM AND DATA ENTRY. Many com-
puter programs are designed 1o process a set of data.
Data to he processed by computer must be in com-
puter readable form. So part of solving many problems
with a computer is data preparation and data entry.
Also, the computer program itself myst be put into
computer readable form. Typically this 1s done by typ-
mg it into a computer memory using a keyboard ter-
minal or by keypunching the program onto cards. In a
large-scale computer programming operation. data en-
try and program entry tasks will be dene by profes-
sional data entry clerks, They tend to be better typists
than programmers but receive less pay.

To a considerable extent, however. computer pro-
grammers do their own program and data entry. Hav-
ing good typing skills saves a lot of time and reduces er-
rors. Few elementary and middle school students are
good typsts. and most take a very long time to type a
small amount of information into a computer.

STEP #5: DEBUG PROGRAM, AND VERIFY ITS COR-
RECTNESS. After completing program and data entry,
the programmer is ready to run the program on a com-
puter. The program usually will contain errors. An erfor
in a program is calied a bug. Debugging consists of de-
tecting and correcting errors in a program.

All programmers make errors. A good programmer
generally makes fewer errors than a poor programmer,
and a good programmer is skilled at detecting and cor:
recting errors. Fortunately, skill tn debugging programs
increases with practice, and the computer itself pro-
vides some assistance. Programming languages have
very precise rules, called syntax rules, that specify ex-
actly how programming statements ust be written
and punctuated. Any violation of these rules is called a
syntax error. The computer program that translates
from a high level language such as Logo, BASIC or
COBOVL into machine language also checks for syntax
errors, [t outputs error messages indicating the nature
and location of errors it detects.

More difficult to detect and coirect are errors in pro-
gram logic. These errors cause the program to perform
in unexpected ways, failing to solve the problenr the
program was designed to solve. One aid to detecting
errors in program logic is program testing. This involves
comparing what the computer produces with some
results that are known to be correct. These results may
have been produced by a different program or by
hand. If the correct results and computer results agree,
one can have increased confidence in the correctness
of the program.

It s difficult and sometimes nearly impossible to
venfy that all parts of a long program are correct and
that the program will perform correctly i all possible
cases. Indeed. this 1s currently an important research
topic in computer science.

Some concepts of debugging and testing procedures
can be taught at the elementary and muddle school
levels and do not require access to computers. The
Applications at the end of this section give examples.

STEP #6: COMPLETE PROGRAM DOCUMENTA-
TION. Program documentation consists of a cereful
statement of the problem, flowcharts or natural lan-
guage procedures written in an outhine form. sample
computer runs on sets of test data, a listing of the pro-
gram. and directions on how to use the program. The
process of documenting a program begins with the pro-
cess of clearly defining the problem to be solved. The
solution procedure 1s part of the documentation. as is 2
discussion of the testing procedure used to help verify
program correctness.
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Program documentation serves a number of pur-
poses. It generally consists of several parts, designed to
communicate to different groups of people. One part
of the documentation mdy communicate to the
management level people who originally stated the
problem to be solved. They want written assurance that
the'program solves the problem they had in mint.

Another part of the documentation may be directed
to users of the program. Ofien they are not program-
mers and have little insight into how a computer func-
tions. They must be given precise directions on how to
prepare data for processing by the program and on
how to use the program. They may need information
on how to read and interpret the computer output.

Finally, there is documentation directed towards
computer programmers—the programmer who wrote
the program and programmers wno may need to
modify the program and/or correct errors that may be

_ detected sometime in the future. This documentation is
usually quite technical, as it represents a programmer
atternpting to communicatesto another programmer
precisely what the program does and how it does it.

In a large professional programming operation there
may be technical writers whose sule task is to help
document programs. However, most progZrammers
have to do their own documentation. Thus, it is impor-
tant that programmsers have good technical writing
skills.

Anplication { (Giving and
Following Directions)

A computer program is a set of directions that a com-
puter can interpret and execute. A major aspect of
computer programming is writing precise sets of direc-
tions. The exercises below will help students improve,
their skills at giving and following sets of directions.

1. Have each student take a blank sheet of paper and
place his/lher pencil near the center of the pape! in a
ready-to-draw position. Select a simple line drawing
and keep it hidden from the student’s view, Then
“tell” the students how to copy the line drawing. Ex-
amples of instructions might include: “Oraw a
horizontal line 3 cm. in length, Now, starting at the
right-hand end, draw a line slanted 45 degrees up
and tothe right, 5 cm. ir: length. Etc.” All of thisis to
be done without the use of a ruler.

Intially this game should be played with very sim-
ple drawings. Students can be asked to identify what
is being drawn. Later, students can select or make up
drawings and take the role of teacher. Or students
can work in small groups so that more students can

$tX-—Problen Solving in a Computer Environment

some insight as to why some programming
languages are better than others.

3. A more precise and easy to {Jllow set of directions
can be given using a coordinate system on graph
paper.

- b W ;o
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Each intersection point on the grid can be unique.
ly identified by a pair of coordinates. Thus A1 is the
lower left hand corner. An instruction such as ‘start
at Al ard draw a straight line 10 C5” leaves no room
for ambiguity. It communicates precisely, and every
student following such a direction should produce’
excactly the same line.

Students can be given graph paper and asked to
label the coordinate axes. Then they can be asked to
follow one or more sets of directions given by the
teacher. Finally, they can be asked to write‘down a
set of directions to draw something. Papers can be
exchanged so that all students get a chance to nave
their'sets of directions executed.

4. A variation on the above types of activities is a game
called Inchworm, which is suitable for quite young
students. A small creature, called aninchworm, is to
be moved from one spot to another on a squared
grid.

y— Inchworm slarts here ¢
A

" Lake —JWE

Lake

take the leadership role:

2. Repeat 1 above, this time using graph paper
marked off in 1 cm. squares. You will notice an
amazing improvement in the quality and recog-
nizability of the results. The graph paper improves
the direction-giving language. This exercise gives
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A program for the inchworm consists of a sequence
of directional specifications, such as EES55S5EESW.
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The specification E means the inchworm i5 to move
one square east. The goal is 1o write a program that
moves the inchworm from some starting point, iay
square A, to some ending point, say square B. Of
course one should avoid drowningthe inchworm. or
having it fall off the board. An inchworm program
needs to be debugged and tested, much like a com-
puter program. .

After students master the initial game, one can add
two more instructions. U specifies the inchworm is
to pick up an object. and D specific the inchwoim is
to set the object down. Now an ob; ¢t can be placed
someplace on the gid, say in the house. The in-
chworm i5 to be directed to the object’s square, to
pick up the object (U}, to move 1o some destination,
and to set the object dewn (D).

The concept of looping or ticiation. which is very
important ir. computer programming, can be illus-
trated using the inchworm. A pile of ten objects is
lccated on the grid. The problem is to move all of
these objects to another specified location, when the
inchworm can only carfy one of them a. a tiine., After
students have written a c2rtain se. of steps ten times.
you might suggest an abbreviation, such as ""Repeat
the following sequence ten times.”

Application H (Robot)

A robot is a computer-controlled machine that can
carry out a variety of tasks automatically. Most people’s
image of a robot is a walking, talking. metal. human-
ltke creature with an intelligence similar to that of a
human. While a few human-like mechanicai robots
have been built, none have the intelligence or most
other characteristics of a human.

However, robots are now quite standard in modern
automobile assembly plants and other manutacturing
and assembly operations. These are computer-
controlled devices programmed to perform a particular
assembly operation such as weld two parts together,
screw a nput onto a bolt, or operate a spray painter
Changing the robot’s program "‘teaches”’ the robot tc
perform a different task. This 1s particularly useful in
industries like automobile manufactunng where there
are periodic model changes. The activities below are
designed to give students insight into the capabilities
and limitations of robots.

1.Begin by selecting a student to give directions and
by having the teacher serve as the robot. The robot
should initially oe seated at a desk with a pencil in its
hand. The student is to direct the jobot to move to
the pencil sharpener, sharpen its pencil. and return
10 a seated position at the desk. See 2 below for sorme

of the types of instructions that might De given.

The activity is most instructive and amusing if the
robot interprets each instruction with little regard for
the consequences. The robot will run into furniture
or into the wyll, be unable to insert the pencil into the
sharpener. and 5o on. If it is impossible 1o understand

of to carry out an instruction, the robot should re-
spond “That does not compute!” One purpose of
this is to begin to understand the need for precision
in specifying and executing instructions.

2.The cl>ss working together should decide upon a set
of allowable operations. Eachis & “’primitive” that the
robot is t¢c be able to understand and execute A
tvpical set of primitives might be:

a. Pick up pencil from desk.

Set pencif down on desk.

Stand! up.

Sit down.

Turn right a specified number of degrees.

Take a specified fraction of a step (up to one full

step) forward:

8. Take a specified fraction of a step {up to ane full
step} backwards.

h. Insert pencil in sharpener. (Thiscan only be done
it pencil sharpener is within easy reach.)

i. Turn handle of sharpener clockwise three times.

j. Remove pencil from sharpener.

b.
C.
d.
e.
f.

Now 1 above can be repeated, with students taking
turns being the robot and the robot programmer.
Any instruction other than a-j above should cause
the robot to respoinl, “That does not compute!”

3. Suppose the robot can only understand the types
of operatio:s a-j given in 2 above. Can the robot be
directed to go to a particular student’s desk, pick up
that student’s pen, and place it on ther teacher's
desk? Can the robot be directed to empty the pencit
sharpener into the wastelisket? Questions such as
this give insight into the difficulties in designing a
prcgramming language—in this case the types of 1a-
siructions the robot can understand.,

Make up a list of several tasks such as shaipening a
pencil, emptying the pencil sharpener into the
wastebasket and feedingthe goldfish. Have each stu-
dent make up a robot-programming language that
sfhe thinks will be suitable for telling a robot how to
accomplish all these tasks. Then let students try out
their languages on each other for specific tasks.

Some students will add more special purpose in-
structions to their language such as “pick up fish
food.” Others may try to add general purpose in-
structions directing hand movements. A hand can be
opened and positioned correctly and then instructed
to grasp the object between its open fingers.

Application 11}
-— (Programming-and- Debugging) - - -

In the robot activities given above, the person direct-
ing the robot did not have to figure out the entire set of
directions in advance. Rather, the programmer could
continually examine the robot’s [ocation and give in-
structions to overcome difficulties, such as a charr In
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the robot’s pathway, as they ocrurred.
Consider a robot that can execute the following types
of instructions.

a. Stand up (fron, a seated position).

b. Sit down (assumes a chair is immediately behind
the robot.

c. Take a specified fraction {up to 1) of a step for-
ward.

d. Turn to the right a specified number of degrees
{not 1o exceed 360 degrees).

e. Extend right arm forward and parallel tothe floor
until ittouches something or until extended to its
full length.

f. Lower right arm to robot’s side.

Suppose that the robot has a sense of touch in its
right hand and can make a decision based upon the
outcome of executing instruction e. Thus, execution of
e can be followed by an instruction such as, **if some-
thing was touched, go to instruction 8. Otherwise, con-
tinue with instruction 4. Activity 1 below illustrates
what this added capability allows.

1. Suppose the robot is seated facing a wall that ic
about 5 meters away, and that there are no obstacles
in the robot’s path to the wall. What will the foHow-
ing program accomplish?

Step # Instruction

a
¢, 1/2 step
e
f
If no touch (in step 3) go to step 2.
Otherwise, go to step 6,

6, d, 180 degrees.

The robot will end up close to, but facing direcily
away from, the wall, Notice the abbreviations used in
writing the program steps. This is much easier than
repeatedly writing out long instructions. Give the class
several examples of programs involving decision mak-
ing, and allow each student to gain experience in read-
ing and following such a program. Notice that the
robot remembers’’ the results of its most recent hand
extension. !t need not use that information right away.

2. Consider the picture given below, where the arrow
represents the location of a robot and the direction it
is facing. The robot starts at location A, scveral
meters from each wall. The goal is to have the robot
end up at location B.

About {

-
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a. Have each student write a program that is sup-
poser 1o move the robot from A to &,

b. Select a student’s solution that you are sure is in-
correct. Qr, use a “'solution’” from *‘some other
class” that you know is incorrect.

¢. Have one of the students execute the incorrect
solution.

d. Have the class, workin&logmher, devug the
incofrect solution.

e. Have the students reexamine their own pro-

grams and mentally carry out the steps. In this
process it is okay to use pencil and paper. This is
called “'desk checking”” and is a very important
aspect of program testing and debugging.
Have students exchange papers, and desk check
each other’s programs. The papers are then to
be returned, and any errors detected are to be
corrected,

3. Add the following capability to the robot:

g. Use your eyes to search for any obstacles
located within one half steo forward.

After g has been executed, the robot can carry ou
instructions such as *'If obstacle observed, go to step
5. Otherwise, go to step 12.”7 Repeat Activity 2 with
this new robot, but allowing for a possible obstacle
‘someplace in the way.

Application [V (Debugging)

Recall that a procedure is a detailed step by step set
of directions that ~an be mechanically interpreted wnd
carried out by some agent. It is designed to solve a
problem or type of problen:. But there is no guarantee
of success, and a procedure may contain errors {bugs).
Detecting and correcting e:qofs is an import.nt aspect
of problem solving.

i. A student has '‘solved’ the following subtraction
~-3blems. See if your students can detect the type of
error that is being made., describe it, and produce
correct answers. If these calculations are not suited
to the level of your students, make up some t!, st are.

i7 45 193
-8 -28 -85

19 27 138

2. Play a tune on the piano which ‘is familiar to
students, but insert one or more errors. See how the
students react to these errors. Have them help

..debug_your.attempt_to_play. the_tune_correctly.

3. Bake your students some bread with the salt or some
other ingrediemt missing. A recipe is a procedure,
See if your students can detect an error in your
recipe. Discuss with the class how one might debug
a recipe.
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4. Errg-s in spelling and grammar are bugs in writing.
Give students a paragraph that correctly conveys a
pariculzs idea but which contains errors in spelling
and grammar. Have the students detect and correct
the errors

Exercises

process of writing a computer program to solve a
. problem. In what sense does a musician composing
a new piece of music use debugging ideas? Discuss
the composing/programming analogy. Then make

up and discuss an analogy between programming
and writing.

. Mathematics, especially arithmetic at the elementary

and middle school levels, is often taught on an *all
right or all wrong’* basis. The concept of Jebugging
a partially correct procedure may not be included in
the curriculum. "Suggest several examples of how
more debugging ideas could be introduced into
mathematics instruction. How do you think the in-
creased emphasis upon debugging deas will affect
student attitudes and success in math?




CHAPTER SEVEN

COMPUTER AND
INFORMATION SCIENCE

A computer scientist studies both the underlying
theory and the practical applications of computers.
Thus, the people who designed and built the first
general purpose electronic digital computers in the
19405 were certainly computer scientists. But even
before that time there were a few people who devoted
their professional careers to studying the capabilities
and limitations of automatic computing machinery.
Various mathematicians and engineers made signifi-
cant cont'ibutions to the foundations of computer
science in the 1930s.

Once mass production of computers began, the
number of computer scientists grew rapidly. By the late
19505, most major universities had computers. They
were often used by scientists. engineers and mathe-
maticians for research and instruction. Enrollment in
computer-oriented courses grew rapidly.

Cradually it became evident that computers are
useful in all academic areas and that educators in all
disciplines could learn 1o make effective use of com-
puters. The idea emerged that a computer is an infor-
mation processing machine. One outgrowth of this is
that many colleges and universities now use the title
"Computer and Information Science” to denote the
department that conducts courses and research in the
computer field,

The developmemt of computer and information
science was greatly helped by the formation of profes-
sional societies devoted 1o various aspects of the field.
Among these were the Association for Computing Ma-
chinery (ACM}, the Data Processing Management As-
sociation (OPMAJ, and the Institute for Electsicaf and
Electronics Engine2ring OEEE) Computer Society.

The early contributions of the Association for Com-
puting Machinery {founded in 1947) are especially
noteworthy. The ACM published detailed recommen-
dations for an undergraduate computer science curri-
culum with the title “Curriculum ‘68" in 1968. Over
thé next ten years the “Cutriculum ‘68’ recommenda-
tions belped guide the writers of textbooks and the de-
velopers of courses as the teaching of computer and
information science became common in colleges and
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unwversities, - —

In recent years, *“Curriculum ‘68" has been updated
to “Curriculum ‘78’ and both the DPMA and |EEE have
published curriculum recommendations. To a large ex-
tent such cun.culum recommendations serve to define

the field of computer and information science. ™ »y

also serve as guidelines to the 400 or more colleges and
universities in the United States that offer the
bachelor's degree in some aspect of the computer
field.

In this chapter we discuss four major subfields of
computer and information science. These yre modeling
and simulation, information retrieval, computer gra-
phics and artificial intelligence. Each is of growing
importance and has direct bearing upon education at
all levels. -

Modeling and Simulation

As a child you may have played with and built toy
models of cars, boats, trains, airplanes and hauses. A toy
model has some of the features of the *‘real thing.”
Some models are built exactly to sc.'e or have other
characteristics that are precise representations of the
rezl thing. Sometimes such scale modeis are used' by
scientists. An exact scale model of an aisplane wing can
be studied in a wind tunnel to gain insight into how
such a wing will perform on a full scale airplane. Archi-
tects build scale models to help their clients see pro-
posed building designs.

if one had to give a very short defr:mon of science, a
good answer would be, “"Science is description and pre-
diction.’” Scientists strive to accurately describe how
things are. They strive 1o understand relationships so
they can predict what will happen under a given set of
circumstances.

Science makes use of scale models for both des-

- —pription-and-prediction_Bul scale models_are not ade-

quate for many applications. Suppose, for example,
you wanted a scientific description of our solar system.
A scale model would help. It could show how an
eclipse of the moon or sun could occur. .Bist it could
not be used 1o make accurate predictions of when a




Y

introduction to Computers in Education
for Elementary and Middle School Teacheis

future eclipse would occur. Much of what research
scientists do isto create new models and to try to prove
their models are "“correct.”” That s, they try to prove
thieir models are more accura’e at description and pre-
diction than are previous models, and that their models
conform to our current knofledge of the physical
world.

Astronomy i¢ particulacly interesting because of the
variety of niodels that have been suggested over the
years. A moder that was hald to be correct for many
years pictured twe earih as the cemer of the solar
system, with the sii. rotating around the earth. It took
considerable careful scientific observation to show that
this was not an accurate del. We must remember
that there is a diffeience be...een a model an the ob-
ject or event bring modeled. There can be many differ-
ent models of the same physical object or system:

Mathematical models provide a usefui alternative or
supplement 10 scale models. Mathematicat models are
often very easy to develop, €asy to use, and easy to
change. In fact, you use mathematical models all of the
time without even r=alizing it. You are thinking about
going out to buy candy bars for yourself and a friend.
You know that candy bars are 35 cents each. You look
into your billfold and see three quarters. You conclude
you have enough money. and set out to buy the candy.

The notztion **35 cents” is a mathematical model, as
is the word *‘quarter.”’ In all of your thinking process.
no money or goods changéd hands. The mathematical
models aliowed you to mentally simulate the entire
transaction,

How old are you! When were vou born? What is
your weight and height? What is the curre 1t date? tn all
cases the answers are numbers, mathematical models
of certain aspects of the world.

It is likely that you know several mathematical for-
mulas.

Distance = Rate x Time O~RT
Interest = Principal x Ratex Time l=PRT
Area = Length xWidth AwlW

A formula 15 a model, 2iving a previse statement about
how certain vanables are related. The models created
by sciemtists almost always involve formulas. That 1s
one reason formulas are an important part of mathe-
matics education.

A simple model suck as D= RT 15 adequate to de-
scribe a simple situation. But progress in science and
engineering has led to the study of more and more
complex problems. and t the need for more complex
models. Thus. mathemat. s has grown in importarce,
along with the use of computers to carr, out complex
mathematical calculations.

Weather forecasting provides a good example. $cien-

~usts know a great deal about the theory of weather and ™

how to predict it. But the amount of data needed to de.
scribe the current weather 1S immense. and the compu-
tations that must ba applied to that data in order to pre-
dict future weather are also im:nense. Therefore, the
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weather bureau uses very large computers. The use of
these computers and increased knowledge of the
theory of weather have led to substantial improve-
ments in weather forecasting.

N/
B A 1

Every field worthy of the name science uses models
and continually sirives to make these models more
accurate, Once an acceptable model has been de-
veloped. it can be used 1o study alternative futures.
That is. it can be used to simulate what would happen
under a given set of circumstances.  a computer is
used 1o carry out the computations in the simulation,
the overall process is called a computer simulation.

Let’s look at an example. Suppose that you are a traf-
fic engineer in a City that has bad traffic problems. You
have some ideas on how 10 solve thes2 problems. You
think that if certain key streets were made one way and
if the iming oi certain traffic lights were changed, then
the problems would be s~ived. IHowever. it would cost
a lot of money and would take a iot of time to try out
your “‘guess” at a solution. And maybe your guess
would be wr 2.

Suppose instead that you had a good mathematical
model of trafiic flow in your city. #t would take into
consideration each major street, the traffic lights, and
data about the source and destination of the traffic.
Suppose the model were computerized 50 you had a
computer simulation.

With the computer simulation you coul. change the
street directions and traffic lights (in the computer) and
see what happens. You could increase the number of
cars entering the system to see what happens as popu-
lation increases. You could do repeated trials; trial and
error is.an important tool in problem solving. The cost
and time *o perform each computerized trial would be
very small relative to actually making the physical
world changes, .

As you can see, computer simulation is a very
valuable tool for problem solving. &t requires a good
model plus adequate computer facilities. Developing a
good model requires very good knaowledge ,f the
underlying theory {the science) of the situation to be
modeled. But the model by itsel’ 5ot adeéquate. The
model must be programmed for a computer, and the
computer must be adequate to the computatioral task.
The model and the computer together make computer
simulation a major tool of modern science.

68 : .




Applications

The elementary and middle school curriculum is rich

in activities that involve modeling and simulation. The
activities in this section can be used to heln students
come to understand the ideas of modeling a: * simula-
tion.

1. You may not realize it, but much of the mathema-

tical.content of elcmentary education is modeling
and simulation. Consider the following problem.
“Jane goes to the store to buy some apples. Apples
are $ .25 per pound. She buys six pounds. How
much money does she spend for the apples?”

There are two obvious mathematical modeis that a
student might yse to solve this problem. The first is
addition.

Total cost=Cost for 15t pound + cost for 2nd pound
+ cost for 3rd pound +etc.+cost for 6th pound

+ PrutiText provided by enic [N

The second model is multiplication.
Total cost=Cost per unit x number of units

The point is, in order to solve this problem, the stu-
dent must select {or develop) an appropriate mathe-
matical model.

Then the student carries out a computation and ar-
rives at an answet, Is any money actually spent? Are
any apples actually purchased? Obviously not. The
whole problem is a simulation. The student solving
the problem mentally imagines tie process of Jane
making a purchase. The model and the computation
involved in this problem are simple enough so a cal-
culator or computer is .ot needed. But both the
modeling and the simulation process are illustrated.

Select some word problems your students can
solve. Determine some possibie mathematical
models that fit these word probleiss and are appro-
priate to your students. Dizcuss with your students
the nature of mathematical modeling and the role it
plays n solving word problems. Then give the stu-
dents some problems in which they ave to specify
the mathematical model. Encourage them to give at
least two different models for carh problem.

. Many games can be considered to be models of cer-

tain aspects of the real world. Playing such games is
simulating those features of the real world. The game
of Monapoly is a good example. It was modeled
after certain aspects of business in Atfantic City. New
jersey. -

Many children enjoy such games and will play
them hour after hour. In plaving Monopoly they wiil
be buying, selling, paying-rent, collecting money—
all of which involve warking withy numbers. They will

-be plotting strategies, try*ng 12 make advantageous

trades witi thew opronents, and so on. They gan
CApeiwWe 0 ooieng o oblems the! occur in the
game the, &'s0. ave the sonial intorsction of playing
TP
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There can be considerable worthwhile learning
going on even if children are playing games just for
fun. But learning can be enhanced if the teacher
points out various aspects of problem solving and
the way the games are modeled after certain aspects
of the real world.

Select a game such as Monopoly and discuss with
the class how it can be cOnsidered as & model of part
of the real world, and how playing it is simulating
certaim aspects of the real world. Have students
select and play other games of interest to them and
then have them explain the games in terms of mod+
eling and simulation.

. The branch of mathematics called probabitity can be

used to predict future events. If we flip one coin it
will land with either a “heads’ or a “1ails’* showing.
Each is about equally IikeIY 50 mathematical theory
doesn't help'in predicting the outcome. But if we flip

dence that approximately 50% will show heads and
50% tails. That is, with very high probability the
number of heads will be between 4,500 and 5.500.
Elementary and middle school students usually do
not have good insight into the underlying probability
theory of tossing a pair of dice. !f one thinks of the
two dice as quite distinct, then any one of 36 out-
comes 15 possible. They can be listed as ordered
pairs (first die, second die). Thus, the possible out-
comnes are (1,1), (1,2}, (1,3), (1,4), (1,5}, (1,6}, (2,1},
(2,2), etc. to (6,6). If the dice are “‘true”” (not loaded),
then each of these 36 outcomes is equally likely.
By studying these outcomes you can see that there
are six ways a double can occur, and six ways that a
total of seven can occur. The probability of throwing
doubles is exactly ihe same as the probability of
throwing a seven. This means that if a pair of dice are
thrown a large number of times, approximately
equal numbeis of doubles and sevens will result.
Dice throwing experiments can be carned out in
the classroom. Students can keep detailed records of
the outcomes, From these records they can develop
predictive modcls for what to expect if a large
numbet of dice tosses are tried in the future. Note
that there is no guarantee that a particular pawr of
dice are true. Thus, a student’s model may predict
that the ratio of sevens to doubles will be about 1:2.
This might be a good model for a particular pair of
dice. What is important in this type of activity is that
the student be led to create an empincal model.

. 4. Encourage students 10 see that models afﬂz“"%

everyday life. Have them make lists of models. The'

things being modrled. Some examples include:

* A globe (map) of the world, or a highway map.

* A person’s'name,
* An artist’s painting of a landscape.
* A poet’s description.of a person in love,

10,000 coins wecay-say-withconsiderable-confi-~———-

“Can comparé and contrastthemodels with—the——
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* A printed sheet of music.

* Paper money and coins.

* A hand-drawn circle or square.
* A printed TV schedule.

By studying. discussing and thinking about such
models, a student can understand that the model
and the “real thing” are not the same, but that
models are indispensable in our lives.

Information Retrieval

Learning to “luok up”’ information is one of the most
important aspects of education., One learns to use a
dictionary to retrieve the precise meaning and pronun.
ciation of words; an atlas to retrieve information about
the location of cities and countsies; and an encyclo-
pediato (etrieve information about people, events and
things.

Information can be stored in a computer and ac-
cessed by use of computer terminals. The field of com-
' puterized storage and retrieval of information is called
information retrieval, or IR for short. IR 15 a very im-
portant and rapidly growing part of computer and
information science. Undoubtedly you are aware of
computerized awline and motel reservation systems,
computerized police anrd FBI files, computerized social
security and Internal Revenue records. Perhaos your
public library makes use of computers; the Library of
Congress makes extensive use of them.

There are two general categories of computerize:
information storage and retrieval systems: data base
systems and bibliographic systems. Each of these will
be discussed.

The data base system gets its name from the fact that

it contains a fixed base of data— one can know exactly
what types of information are stored. A good example
- is-provided by the student records fora college or uni-
versity. For each student the schuol keeps the same
type of information, including name, address, list of
current crurses, and a list of courses and grades from
previcus terms. The records also contain parents’
names and addresses, student’s major, student’s year in
school, and so on,

6

Only a limited number of types of data is being kept. .

For example; it is unlikely that the student records
system can tell you,if Mary Jones has ever worn braces
or if George Smith has ever had a broken feg. But the
system can be used to determine a student’s intended
major, total number of credit hours obtained to date,
and grade point average.

There are many computerized data base information
retrieval systems in use, Examples include airline reser-
vation systems, hotel and motel reservation systems,
property tax »ystems, state and Federal tax systems,
stock market quotation systems, police and FBI files,
and certain types of medical files.

A computerized data base system consists of a base
of data, gomputer programe« that make it easy to get the
answer to certain questions, and computer programs
that make it easy to add data and/or change the data.
The data in the system may be changing quite rapidly.
For example, the data base for an airline reservation
system changes every time a ticket is sold.

Data base IR systems are often accessed via a net-
work of terminals at widely scattered locations. Some
systems can be accessed from throughout the country
or world. The information can be updated and/or cor-
rected rapidly. Information can be reirieved very rapid-
ly, with speed of access being relatively independent of
how close physically one is located to the data base.
Stock brokers throughout the country have equally
good access to transaction records for the New York
Stock Exchange. o

The data base can also be used to do research—to try
to answer general questions related to the data. An
arrline reservation system can be used to look for pat-
terns ‘n increased or decreased usage at certain times
of the year. A police . formation system might be used
to look for patierns in locations or methods of crime. A
student record system could be used to look for rela-
tionships between student grades and type of housing

" accommodation. Perhaps students who live in dorms

get better rades than stucdtents who live in off campus
housing. .

Thus, a data base system 1s designed 10 answer some
questions very rapidly and to allow research into other
questions. The research questions usually require that a
special program be written t0 examine and analyze the

T
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data. Often the researcher 15 searching for patterns or
relationships in the data. When large masses of data are
involved, computers are an essentia] Jid.

A bibliographic information retrieval system 1s con-
siderably different. One can think of it asthe computer-
izahon of some general aspects of a library. An exam-
ple will help iltustrate this.

Suppose you are a doclor. and you think that your
patient has a certain rare disease. You would like to
know the latest research results and treatment for this
c1sease. You have a bibliographic information retrieval
problem.

The problem is not easy. There are several hundred
thousand medical articles published each year. Many
are in foreign languages. You subscribe to a few of the
journals, but don’t have time to read them thoroughly.
Your hospital subscnibes to several hundred journals. A
medical research center located a few hundred miles
away subscribes to several thousand medica! journals,
S0 how can you find the needed information quickly
and cheaply?

What is needed is a comp “erized biblicgrap. nc in-

formation retrievai system. Yo -ould fike to be able to
use a computer termAx 15 1,, ¢ n the name of the
disease, or perhaps pust iis major sympioms. You would
like to recewe back a hist of current arucics and brief
summaries of the articis. Aiter reading the titles and
SWINmanes you may wi nt to reirieve several complete
articles.
"~ Al of this 15 now possible, although itisn t completely
competerized. The fieid of medicine has been drvided
into a number of sublieids. Eack subfield has been
assigned to onn university or medical research center
in the United $:ates ar 11t one of the other countnes co-
operating in the project. Eath center subscribes to all
journals related to is part of rhe field of medicine, The
centers employ peole svha read. inden and abstract
each article. Al of the indexes and abstracts are com-
bined to form onc sarge cumpulenzed bibliographic in-
formation retrieval systemi. it contains millons of ab-
stracts and is growing very rapdly,

The actual articles are not avadlable in cornpuierized
iorm. Thus. if ycu find an article you want ta read. you
must look it up 1n a hbrary, or request thit a copy be
mailed to you.

The bibliographic system differs from a data base sys-
tem in that users do not know 1n advance whether their
questions will be answered. There may be no articles
onthe desired topic, or there may be hundreds. The ar-
ticles might not contain the desired informatron.

Bibliographic IR systems are now commonplace. A
college or university research hibrary is likely to be able
to provide access to hundreds of different systems,

ticular interest to educators 15 the Educational Re.
sources Information Center (ERIC) system. ERIC is
specifically designed to help educational researchers
gain access to recent educational research results
There are a growing number of IR s stems that are
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both data base and bibliographic in nature. A single IR
system might contain both abstracts to all articles in
several leading newspapers or magazines, and detailed
sports statistics for current and past games, )

it is now possible to store entire articles and books in
a computer system. This full text storage 1s becoming
more economicCally feasible as the costs of secondary
storage continue to drop. An ~:ample is found in the
field of law. It 1s very difficult to index 'aws. law articles
and law cases 50 that one can easily look up exactly the
references desired. The smallest detail in a past case
might prove to be mportant. So ful! text information
storage and retrieval is used.

This means that the full text is stored, and computer
searches are done on the full text of laws, articies and
cases. Efficient full text storage and sea'ching is an
mnteresting and challenging aspect of computer
science. It is clear that this is a growing field. It is also
clear that it will eventually have a major impact upon
the publishers of research journals. Even now a few
fournais are ““published’” by just entering the articlesin-
10 & computerized system.

Applications

1. Some of the ideas of a data base and/or police in-
formation retrieval system can be illustrated by the
followmng activity. Have each student in the class fill
out a card not containing the student’'s name. byt
containing the following information.

a, Sex.

b. Hesght, rounded to nearest 2 cm.
c. Weight, rounded t0 nearest kg.
d. Age. rounded to nearest year.

e. Hair color.

Uniess there are identical twins {or triplets) in the
classroom. n 1s highly unlikely that two students
have exactly the same data.

Now take the entite set of cards and select one at
random. Have all membets of the class stand up.
Then go through the hst of the one student’s data,
one item at a time, durecting students who don’t
satisfy it to sit down. For example, suppase the card
you selected was a female of heght 96 cm. You
would first direct all males to sit down. Then direct
all people of height 94 cm or less, or height 98 ¢m or
more. 1o sit down. Continue the process until only
one person remains standing. You have identified
this person from the descriptive data!

Data sets ke this can be used for 2 number of acti-
vities. Consider the problem of finding the two stu-
dents in the class whc are most nearly the same.

- gachrwithritsown base-of-published-matenals.-Of-par-— ___Suppose_na.lwo.ate exactly the same How can you

define ’most nearly the same’” in a manner that will
allow the data base to be ysed to solve the problem?
The police may have a partial descnplion of a sus.
pect, of several descriptions that don’t exactly agree.
How can they examine their files to find the names
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of people who approximately fit the descnption? Set
the class to work on these guestions.

2. A major key to bibliographic information retrieval is
indexing. Many school books contain an index -0
one can use these to teach stucents how to use an
irdex. But how does one create an index? Select an
article ti-. < at a suitable reading level for the class.
Wumber each paragraph. Then have each student
read and inde x the article, using paragraph numbers
ratier than page numbers. Thus, if the article 1s
about United States presidents and George Wash-
ington is mentioned in paragraphs 5, 9, and 2% the
index would include:

Washington, George, 5, 9, 23,

You should observe that most students will agree
that certain words belong in the index. but that there
will be considerable disagreement on others. Also,
people make errors in indexing. This exercise can
give good insight into the difficulties of indexing, and
the limitations of an index. Good indexing is a key to
computerized bibliographic information retrieval.

The actwity can be followed up by a visit from
your school's media specialist. S/he can answer
miany important guestions such as: How is a library
orgamized? What is the Dewey Decimal System and
the Library of Congress system? Why are there two
widely used classjfication schemes?

More down to earth, however, is the output display
on a typical microcomputer system. The display unit is
a tetevision set and the computer system has some gra-
phics display capabiliies. The use of computer gra-
phics 15 now commonplace.

Insight into computer graphics is provided by think-
ing about pen and ink plottiing mechanisms. The idea of
a machine-dnven plotting device is much older than
computers. You have probably seen a recording
barometer or a recording thermometer. A clock-
3. A telephone book contains information like one  driven drum has a pen mechamism that is attached to a

might find 1n & computerized data base nformation  barometer or thermometer. The pen records the air

refrieval system. With the aid of your studerts pressure or temperature, automatically producing a

and/or fellow teachers you can collect endugh old  graph over a period of ime.

phone books so that each class member wilt have A plotter is a very commonly used computer output
one. Students can learn- device. Under computer control a pen can be moved
horizontally and vertically over a piece of paper. The

* How to look up a phone number. pen can be raised and lowered. The whole setup is

¢ How 1o look up an address, much like a “connect-the-dots”’ mechanism. A com-

* What an ynlisted number is. o puter program tells the plotter mechanism the exact

* About the problem of pecple having identical location of the dots to be connected. and when to raise
names. and lower the pen. The dots to be connected can be

* What 15 in the Yellow Pages. gue close together. and the mechanism connedts the

Suppose you know a person’s phone number but  dots at a very rapid rate.

not their name. Is a phone book a useful aid to find- Many modern computer-driven plotters contain
ing the name? Would 1t help if the phone book were  several pens with different colors of ink. Line and bar
computerized? graphs, maps, and so on are drawn ustng several colors

ot ink. Weather maps, architectural designs, and er-
. gineering drawings are macde more readable and useful
Computer Graphics by dpprgp:iale use of color.

It is often said that a picture 15 worth ten thousand Although computer grapnics display screens are now
words. Computer scientists are ntensely interested in communplace, it was not always so. Computer gra-
the use of computers 10 process picture-type infor-  phics systems built during the 1950 s and 1960 s were
mation. It is likely th-* you are familiar with some ofthe  guite expensive and required a large computer for their

e ——— -progress-that-has-been-made - — —- - : - -use. Thus, computergraphics was a‘tool of o few peo= ——

Space probe pictures being sent back from Venus, ple in science and industry, and was an advanced
Mars and Saturn are computerized and computer-  course offered by computer and information science
enhanced. Simiarly, the weather satellite pictures departments. But computer giaphics was not readily
shown on television forecasts are processed by com-  .vaillable to the novice computer user or to pre-college

. puter. students.
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In recent years, progress in computer and television
technology has made pessible the yse of television sets,
or specially modified television sets. as inexpensive
computer display units. Even the cheapest computer
system can output simple line drawings. A micro-
compuier using a color television sef can output
graphs. charts, and simple pictures in full color.

Moreov i, it is now quite easy 1o make yse of com-
puter graphic facilities. The language Logo was specr
fically designed with graphics in mind. Thus. the young
child learning Logo does s0 in a graphics mode. The
child uses Logo to draw pictures on a TV screen or on
paper. The programs that create these pictures are easi-
ly modified 1o correct buRs, and they are easily com-
bined to create more intricate designs.

Computer graphics adds a new dimension to learning
to program a computer. Rather than making it harder,
computer graphics makes learning to program much
easier (assuming that a graphics-oriented language
such as Logo is available). A picture 15 much more
concrete than a table of numbers. Students, especially
young students. benefit from having such concrete out-
put from a computer as they learn to program.

Applications

1. All students are familiar with connect-the-dots acti-
vities. A picture is formed by connecting the dots in
numerical order. Students can create their own con-
nect-the-dots activities and thereby learn some of
the ideas underlying compu °r graphics.

All that is needed is a picture, perhaps a simple
line drawing, and a piece of tracing paper. The trac-
ing paper is placed over the picture. Points are
selected and indicated on the tiacing paper. They are
numbered in the order in which they are 1o be con
nected. [t 15 assumed that straiglit lines will be ysed
to connect successive points.

~ " The resulting picture can be made better by draw-
ing in on the tracing paper some of the parts of the
picture that are not easily formed by connecting
dots. Because . 15 must be connected in a specified
order, without raising the pencil off the paper, there
are severe limitations to the quality of the picture.

SEVEN~-Computer and Information Science

One can enhance the quality of the picture by
allowng students to place a U or a O in front of some
numbers. When the drawer comes 10 a number pre-
ceeded by a U, sthe liftsthe pencil off the paper. The
pencil continues that way until one comes to a num-
ber preceded by a D. The pencil is then lowered
down onto the paper.

. Older chitdren are familiar with plotting points on

graph paper, or can easily iearn to do this. Tius
aliows a mor¢ - ‘mputer-ike approach to the con-
nectthe-dots awivity. Now the idea is to give a list of
coordinates of points that are 10 be connected. A

.small sample is given below.

3

1. Raise pencil

2. Move to (3,2

3. Lowe: pencil

4. Move to (3,7}

5. Move to {5,5) e
6. Move to {7.7)

7. Move 1o (7,2}

8. Raise pencil

9. Stop

As in Activity 1, students can create these sets of
directions. One begins with a picture on graph paper
(or place a very ihun piece of graph paper over a pic-
ture). The coordinates to be connected are then read
off the graph paper and written down. Students will
quickly find the value of using brief abbreviations.
For example, the previous set of directions can be
abbreviated as follows.

U
.13,2)
.D
3,7
. 5.9
. (2,7)
7.2
.U
9. Stop

1 both Activity 1 and Activity 2 the idea 15 10 have
each student develop a set of directions. Students
can then exchange papers and try out each other’s
set of directions. These sets of directions, especially
the type developed for Activity 2, are much like
computer programs.

OO L LM

. An inexpensive microcomputer system is apt to use

a television set as an output display device. In addi-
tion to displaying alphabetic and numerc charac-
ters, such a system can display very small rectangles
of light. Thus, a picture made up of a large number
of lighted rectangles canbe-created-and-displayed—
Elementary and middle school students can learn
similar ideas by working with graph paper. shading
in the squares to create a pattern or picture. For ex-
ample, students cat. spell out their names using let-
ters that are made by shading small squares. Have
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each student create a pattern or picture, Post some of
them: on the bulletin board.

. A typewriter can be used to create computer-like
graphics. In typewriter graphics one designs and
types out a pattern or picture using just the type-
writer character set. Varying shades of darkness can

be formed by typing sever. different characters on .

top of each other.
Bring a typewriter to your classroom. An old

manual typewriter will suffice. lllustrate typewriter -

graphics to your class, and then have each student
design a graphic on graph paper. Finally. have stu-
dents type their graphics and display them on a
bulletin board.

Artificial Intelligence

How “smart” can a computer be’ Will ccmputers

eventually be smarter than people!? Are the walking, -

tatking, thinking robots of television and mowvies a
possibility? Are there some problems that cannot be
solved by computer because we cannot figure gyt how
to write an appropriate program?

The branch of computer science that geals with these
types of questions is called ardificial intelligence (Al),
When people are first introduced to the questions of
Al, they automatically think in terms of human intelli-
gence and start comparing computer capabilities walh
human capabilities.

While this 15 not inappropriate, the field of Al covers
a broader range of topics. The capaoilities of a shaple
pocket calculator can be considered to be an example
of Al. Suppose, for example, that you had never heard
of the idea of a calculator, anc you were just learning
how to do long division of decimal numbers. If some-
one showed you an $8 machine that could do such
a problem in a few seconds you would be impressed. In-
deed, yoi might think it was a pretty smart mach.ne—
that it was an intelligen! machine. You might wonder
why it was so important to learn to do long division us-
ing pencil and paper when ihe machine was so much
better at it.

It 15 clear that computers can do many intelligent-like
things. Computers can play games such as checkers
and chess. Indeed, computer programs exist that can
play checkers Letter than all but the very best human
checkers players. Computers can do medical diagnostic
work. They can analyze electrocardiograms. They can
analyze the structures of chemical compounds, and
they can solve very coinplicated mathematics prob-
fems. They can prove math theorems and can even ap-
pear to carry on a hmited conversation in English.

ihe question of machine intelligence has been Ge-

“bated ior manv yéars and will continue to be a lively ™

topic of ccaversation. in 1950, Alan Turing published
an article that provides good insight into the problem of
answering the question, "'Can a computer think?"’ Tur-
ing was one of the earhest computer scientists and was
also a hlliant mathematician. Some of his work dcone

during the 1930s is still a standard part of the computer
science curticulum at the coliege level.

Turing proposed a test for machine intefligence. The
physical setup for the test is shown in the picture
below. .

TERMINAL #2

/\\D
HUMAN

TERMINAL #1

/a TERMINAL
C A

INTERROGATOR

Room A Room B

The idea is that the Interrogator can cdmmunicate with
Terminal #1 and Terminal #2 only by terminal. Thus
s/he can type and receivc messages. By asking ques
tions and carrying on a 1, ped conversation with #1 and
#7 the interrogator is to decide which 15 the computer

A which is the human.

The human in Room B tries to help the mlerrogalor
by telling the truth, while the computer tries to fool the
interrogator. That 15, the computer tries to imitate
human behavior. This is quite similar to the long-
running television program ““To Tell the Truth,” in
which two people pretend to be a third person.
Turing’s “imitation game” is a scientific experiment
that can be run over and over again. Each time the
cormputer and human in Room B are randomly as-
signed to the te.minals. The same interrogator can thus
run the experiment several times. One can also have a
seguence of diffefent interrogators.

If the computer can foul the interrogator about half
the ime, then Tysing would say we have an intelligent
computer, In 1950 he suggested that by the year 20600
we would achieve this. While considerable progress
has occurred in developing a computer system te play
the imitation game. we do not yet have a computer
program that can consistently fool people.

An early program, and still one of the Jest that can
carry on a conversation with a human, is Joseph Wei-
zenbaum’s ELIZA. Weizenbaum is a computer science
professor al the Massachusetts tnstitute of Technology.
His program FLIZA, de* etoped in the mid 1960s, 15
designed to interact wity a person in a non-directive
therapy mode. That is, ‘he conversation 15 similyr to

“that ‘which might occur n The Typé of non-directive

therapy pioneered by Carl Rogers.

Maoderr. versiuns of the program are good enough so
that they sometimes fool a person into believing sfhe is
actually conversing with a human, via terminal. But ac-
tually the program is quite simple and has very [ittie in-




telligence. It merely picks out key words or phrases
from what the human types and parrots them back with
a slight change. We have a long way to go before a pro-
gram is developed that will consistently pass the imi-
tation game definition of artificial intelligence.

Part of the difficulty can be seen by examining pio-
gress in the language translation prob.em. At one time
people thought it would be easy to develop a computer
program- to translate from one language to another.
They tended to think of this as an automated super-
speed dictionary. But language translation is not a word
by word activity. Rather, it is an idea by idea actinty,
One must accept as input the material to be translated.
One must then figure out its meaning—its basic ideas.
Then one translates the ideas into another language. So
far, computer scientists have made relatively little pro-
gress in developing prograrns that can extract the ideas
and their meaning from written materials. They have
not succeeded in solving the language translation prob-
lem and no solution is in sight.

We should not, however, downplay the success of

artificial intelligence. Progress in certain aspects of
chemistry, mathematics and medicine are very im-
pressive. And many importart problems have bkren
solved. A relatively recent invention is a machine that
can read a book. It employs an optical character reader
to input printed material to a computer. The computer
analyzes the words and produces spoken output of the
printed material. Initially this system was Jesigned for
blind people. Can_you think of other educational ap-
plications? :

I

NOT
COMPUTE

Problem solving s at the very heart of Al. We want to
program computers to handle the unexpected—~to be
able to solve problems tha: are different from what the
computer has previously encountered. It is easy 10 see
how difficult this Al task 15. since we do not vet have
good insight into how to teach humans to solve prob-
lems. Al research into problem solving 15 leading to bet-
ter insight into humar intelligen~ . Also, it is leading to

machines of eéver increasing ¢3pability; Computers can --science may-strain your-adult-level-learmung skills, But_ _

do some things better than people. The number of
things that computers can do as well or better than
many people is steadily increasing. Needless to say, edu-
cation at all levels should consider the progress that is
occurring m Al,
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Applications

1. The imitation game can be played with a child and
an adult in Room B, with the interrogatot trying to
decide which is the child and which is the adult. No
computer ter ninals are needed.

Suppose. for example. that the adult decides to
imitate being a child. The interrogator i placed in
one room. Students_are used to convey the mes-
sages. To begin. the interrogator might ask. "'#1, are
you an adult?” I the actual #1 is a child, the true
response, “No, | am a child” will be returned. But if
the actual #1 is an adult, she will send back a mes-
sage such as. "Of ¢+ rse not, | am a child.”

Can vou think of \1ings that a child might know
that an aduit might not know? Remember, in this
game one of the #1/82's must tell the truth. The
other is free to lie, in order to fool the interrogator.
It’s a fun'game!

2. There are many machines that display some level of

- -artificialintelligence. An-elevator—for-example.-can
store information, figure out the correct direction to
g0, and know when (o open and shut its door. Dis-
cuss with you: students t} *idea of smart machines.
Then have students make a list of smart machines.
Include in the list a brief description of what in-
telligent-iike things 'each machine does.

The activity can be extended by gathering pictures
or having students draw pictures of the machines
and prepare a wall display. The machines might be
placed in order of increasing intelligence.”

. Probably all of your students are familiar with the
walking: talking, intelligent robots of movies, tele-
vision anc. comic books. Have your students pre-
pare a list of names and descriptions of these ro-
bots. What are their capabilities and limitations?
Are they good or evil? What distinguishes them from
humans? A major purpose of this activity 1s to help
your students realize that these robots do nct really
~xist,

Educational Implications

Now you understand that computer science is much
more than just computer programming. Computer
science provides rew, exciting, and very useful ways of
examining and attacking a wide variety of probleins.
Fhese new methods supplement and stmetimes may
replace non-computerized methods.

The things that you have been learning about com.
puters and computing are things that your students can
learn. It is true that you are learning these things 35 an
adult and that learning some aspects of computer

many secondary scheol students are currenth studying
these same things. and some are studying them ac a
considerably greater depth.

The International Council for Computers in Educa-
tion has published a booklet. **An Introduction to Com.-
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puters and Computing”” by Jean B. Regers. The booklet
is a deta'ed course outline for a secondary school
course to be taught at the same level as a ninth or tenth
grade introductory biology course. The course has a
_ low mathematical prerequisite and is aimed at the
general student population. The course includes major
units on medeling and simulation, computer graphics,
information retrieval, and artificial intelligence. Stu-
dents spend four to six weeks on each of these topics.
Eventually, much of this material may be integrated in-
to the yunior high school or middle school curnculum.
At the elementary and middle school levels, each
part of the curniculum needs to be examined 1n hight of
cusrent and potential computer capabilities. Three
types of changes 1n the curriculum are necessary:

I. Maodifications that lead 1o better preparing stu-
dents 10 eventually study computers and com-
puting in depth. For example, there could be In-
creased emphasis upon modeling and sinlation,
and upon information storage and retrieval, from a
non-computerized point of view.

2. Inclusion of computers and computing as part of
each current currictlum topic where computers
are a useful tool. The emphasis is still upon the
non-computer curriculum topics. and computers
are a supplement, or another way of attacking the
problems of these areas.

3. Ebmination of certain topics, or a great reduction
in time spent on them. If a computer can solve a
particular type of problem, what aspects of nt
should a student be able to do mentally 0: with
pencil and paper! As computers become more
and more availahle and capable this questron
grows in importance and difficulty.

Exercises

1. Examine textbooks for elementary and mrddle
school students. Do any discuss modeling and simu-
lation? Discuss your findings.

2. ERIC s a bubliographic educational m:formation
retnieval system. The system can also be used "by
hand’’ since the indexes and abstracts are available
on microfilm. Most major colleges and universities
have access to the ERIC materials. Select a topic
related to education. Learn 10 use the ERIC system
well enough 10 do an adequate ERIC inerature
search by hand and/or by computer. Report on the
results. Your report should include infcrmation on
ease Of learning 10 yse the system, ease of using the
system, satisfaction with the system. and overall
results obtained. A computerized search can be
done for about $15. Compare this with the cost of
doing a similar search by hand.

3. An elementary school student can easily learn to yse
a Logo computer system to draw boxes. houses.
flowers, robots, and other figures. With some
instruction from peers or teachers, a student can add
«olor and moticn 10 these artistic creations. Use
Logo yourself for a while. If possible, observe young
students using Logo 10 help some students begin
to learn the language. Then write « paper discussing
potential roles of computers in the elementary
school ant education curniculum

4. The computerized word processing systems now be-

ing sold for use in business offices often include a
dictionary 10 check spelling. Suppose that ele-
mentary and middle school students weie allowed
to do much of their writing on a word processing
system. The system would include a dictionary that,
for example, would aliow a student to spell a word
vhonetically and have the computer return a correct
spelling and definition. Write a paper on educational
implications of such a word processing system.

El{llC
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CHAPTER EIGHT

THE FUTURE

Writing about the future of computers in education is
guite a bit like writing science fiction. Almost anything
is possible, and the future is difficult to accurately pre-
dict. Therefore, this chapter consists of a sequence of
speculations, and only time will tell if any will prove 1o
be correct.

The predictions discussed in this chapler center
around two main questions: What facilities will
become available? How will tae facilities be used?

The future of facilities—hardware. software and
courseware—can be predicted with considerable con-
fidence. Developments in this area are group efforts,
fed by companies driven by a profit motive. Education
is only a small part of the hardware market, so hard-
ware progress will be dominated by factors outside of
education.

But the actual use of computers is more of an indi-
viduai question. Even if high quality computer facilities
are readily available, an individual teacher may decide
not to use them. The teacher may lack the knowledge,
confidence, or inCentive 10 integrate computer usage
into his/her classroom. Political factors, or unions, may
play a dominant role. Thus, predictions inthis area may
not prove 1o be very accurate,

Hardware

The nature of commercially available computer hard-
ware <an be accurately predicted up to five years in ad-
vance. That is because it takes about five years for pro-
ducts that are just now proving themselve- in the re-
search laboratory to become commercially availabie.
Long term forecasts are more speculative, as they are
based upon past and Current trends.

The development of large scale integrated circuits
continues at a rapid pace. Cvery few years ‘we can ex-
pect a significant increase in chip density—th number
of components on a single chip. Currently (1t ‘1), the
64K bit memory chip and the 16 hit CpU chip « > just
becoming available in large quantities. The.se will 1 ake
possible microcomputers of substantially increased
compute or:wer (speed and primary storage). The more
powerful machines will cost about the same as today's
_machines. The recently announced IBM microcom-

puter is a forerunner of such products. it has a 16 bit -

CPU.,.in contrast to the eight bit CPU's in the current
Apple, Atari, PET and TRS-80 microcomputers.

By 1986 we can expect 256K hit memory chips to be
available, and by 1991 we may well have a single chip

P
e

coritaining both a million bits of primary storage and a
32 bit central processing unit. Some people predict that
by the year 2001 we will have a 10 million bit chip!

The microcomputer of the early 1990s will be as
powerful as many of the medium scale computers of
the mid 1960s. Such mid 1960 machines cost a half
million to a milfion dollars or more, and were adequate
to serve the needs of an entire college or small uni-
versity. When used in a imeshared mode, the medium
scale computer of the mid 1960s could serve 30 or
more simultaneous-users,

Progress in chip technology will make possible hand-
held computers with far greater capability than the
desktop microcomputers of today. If a million bit chip
hecomes readily available in the early 1990s, then by
the year 2001 there will be inexpensive handheld
games containing this chip. On gift giving occasions,
people will receive toys containing more computer
capacity than today’'s Apple, Atari. PET or TRS-80.

|55

Bubble memory is quite likely to be an mtegral part of

the next generation of microcomputers. Bubble
memory is a type.of secondary storage with no moving
parts. Currently it is used in a few of the mure ex-
pensive microcomputers. in a number of computer ter-
minals, and in other places where a medium amount of
very reliable secondary storage is needed. A 256K bit
bubble niemory chip has been commercially available
for about two years, and a chip with four times this
capacity is now in mass production. Very high vriume,

mas§ prodoction of bubble memory is-just-beg:aning-it- —

will cause a rapid drop in prices, making bubble
memory compelllwe with floppy disks for many apph-
cations. Progress in developing larger bubble memory
units will continue. By 1986 many microcomputers will
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contatn 3 magnetic bubble memory unit. This will in-
crease the portabibty and ruggedness of microcom-
puters. By 1991 a microcomputer with a million byteg
of bubble memory will be readily available.

The microcomputers of 1986 will be designed to
more easily mterface with large computers and com-
puterized data banks. Thus, it will be commor: to plug a
bubble memory-equipped microcomputer ints a lzrrer
system for the rapid transfer of a bubble memory of
data. This may consist of lessons a student is to use that
day or a large collection of data to be used in solving a
problem. This type of setup will mean that many micro-
computers will not need a floppy disk drive for second-
ary storage. Rather, they will serve as “intelligent’ ter-
minals. used both in a stand-alone mode and as part of
a computer network.

Secondary storage for both small and large computer
systems will grow \n capacity. For microcomputers, the
5% inch floppy disk now storing 100,000 to 150,000
bytes will eventually have ten imes this capacity. Mint
hard disks with a storage capacity of { e to ten million
bytes are already avalable. They will Jecrease in price
and increase in capacity over the next five to ten yea 5.
By 1936 many microcomputer systems will Fave a half
million byte floppy disk or a 10 to 20 million byte hard
disk for secondary storage.

Relatively few microcomputer users need exclusne
access to a 10 to 20 mithon byte data base. A network
of microcomputers sharing a hard disk and a printer
has been commercially avalable for several years. Such
networks will become increasingly common in schools.
They are especially useful when one has a cluster of fif-
teen or more microcomputers in a single classroom.

The technology for high quality, low cost, audio out-
put—both voice and music—is already available. Soft-
ware for easy use 1s being developed. By 1986 good
quality voice and music output will be available on

.many microcomputer systems. More computers will
gne spoken directions to their human users. This 15 a
relatively straightforward extension of Texas Instru-
ment’s Speak and Spell and other microprocessor-
based “talking’” dewices of 1978-1980. When pur-
chased in large quantity. the current wholesale price of
a high quality voice synthesis chip 1s less than $10.

Progress in voice input will continue. If one is willing
to accept a >mall vocabulary and refatively high error
rate (perhaps several percent), then inexpensive voice
nput 15 already avallable. A larger vocabulary and a
lower error rate require more compute power {CPU
speed and prirnary storage capacity). Since rapid pro-
gress is occurring in both of these areas, we can expect
voice input to be a readily available option by 1986.
Voice recognition of ‘‘connected speech™ {that 1s, nor-
ma! spoken phrases and sentences) s still a major re-
search project. By 1986 significant progress will have
occurred and by 1951 such systems will have some
commercial applications. It will he interesting to see if
the voicewniter of science fiction bogks 15 availlable at a

reasonable price by the year 2001. Clearly this is a sub-,

~
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stantial challenge to researchers. Perhaps typing classes
in the year 2001 will be teaching clear pronunciation
instead of touch typing!

3

We can expect continued progress in the develop-
ment of Lrleodisk systems interfaced with microcom-
puters. Te ( years from now many home entertainment
centers will include a general purpose microcomputer,
videodisk, video recorder, and television display. This
may be tied into a large centrally located computei via
telephone hine or TV cable. Perhaps ten million homes
i the United States will have such a system. A video-
disk rady contain entertainment matenal. Alternatively,
a single videodisk can store the equivalent of several
hundred textbooks or reference books.

Work s currently «n progress to develop an inex-
pensive unit to record videodisks in one’s home or of-
fice. 8y twenty years from now such units will quite
hikely be common in business and industry, and may be
common in people’s homes, Since a single videodisk
can store hund reds of milhons of characters of data,
this will contribute significantly to the computenzation
of hbranes and other large collections of data.

Computerized wvideodisk home entertainment
centers will be backed up By high quality software,
both recreational and educational. The educational
software will be competitive with “‘conventional’* in-
structhional deliviry systems in a wide vanety of sub-
jects. Tle potential impact Lpon elementary and mid-
dle <~.100l, 15 great. This issue wii be briefly discussed
later in the chapter.

Very rapid progress will occur in telecommunication
systems, allowing home and school computer systems
to connect to 'arge data banks. Already fiber optics 15 a
well developed technology. A glass fiber as thin as a
human haw can catty the equivdlent of 2,500 simul-
taneous telephone conversations or 20 television
signals. This technology will begin to replace the cop-
per telephone wires and the copper television cables
coming tnto people’s homes. It wilt make possible refa-
tively inexpensive “picture phones™ and intr 1wctive
TV k will contribute substantially to the devewspment
of mulunational computer networks of computer sys-
tems located throughout the world,
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Communication satellites will hecome an increasing
part of our telecommunications system, A key point 1s
that the actual cost of relaying a signal via satellite 1s in-
dependent of the distance 1nvnlved. i one 15 com-
murnicating via a satellite, the actuadl cost to the satellite
owner is the same for a Las Angeles to San Franoisco
call as it 1s for a Los Angeles to New York call.

So far in this sechion we have emphasized microcom-
puters. But the same rapid progress will occur in large
scale computers, For such machines we may expect a
gain in total speed by a factor of ten dunng the next
5-10 years, and another factor of ten during the subse-
quent decacle. Large scale computers with 2 speed oi a
bithon instructions per second will be common by the
year 2001, ancl the very fastest machines will be 50- 100
tes this fast,

Currentiy, a large magnetic disk pack {1 single cisk
storage umit) can store 300 million to 1,000 million
characters: storage devices based upon laser tech-
nology stare several hundred hllion characters. Con-
tinved progress will occur both in magnetic storage
technology and 1 laser-based storage technology. The
result will be computerized access to data banks con-
taining withons ot characters. Recall that a very thick
novel is about a milhion characters, and that a trithon 1s
a miliion milhon. Thus, we will have storage devices
that will fit into a small room. perhaps even sit on a
clesk. that can siore the entire contents of the Library of
Congress,

Very large storage devices. coupled with increasingly
capable telecommunmication systems, will change the
nature of research hbraries and the publicaton of re-
search results. Articles will be ““published”” by entenng
them into a data bank accessible by computer ter-
rminals from throughout the world Researchers and re-
search ibranies will pay to access these data banks. and
wifl have access to pubhished research the moment it is
put into the data bank.

Software

Computer scientists frequently divide software mnto
two categories. Systems software consists of language
translators  (BASIC. COBOL, Logo. Pascal, PILOT.
etc.). operating systems. daia base management sys-
tems, general purpose information retrieval systems,
and so on. Each 1s designed to provide a general set of
capahifities to the user, rather than to solve a spectiic
type of problem

Appheanions soflware consists of programs designecl
to solve specific types of problems or to accamplish
specihc tasks. Examples mclude programs to process a
payroll, solve an equation, perform a statstical correla-
ton, drlf a student on spelling words, or quiz a student

.on.numper facts. CAL programs are applications soft-

ware designed te help students learn. CAL sofiware,
combined with teacher resource gunles and other
matenials to aid students and teachers, 15 called CAL
courseware, or ssmply courseware,
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There 15 no fine dividhng line between <ystems and
applications software, and the distinction seems to be
blurring with time, A tremendous amount of research
and development is currently being expended on
systems software. The goal is to provide better tools for
both programmers and to people who have not re-
ceived extensive training in the use of computers,
There seems no inherent reason why a person needs to
be a computer expert to use a query laaguage to
retrieve information from a computerized library,
Similarly: a business person should be able to use a
worcl nrocesuing system and an electronic mard system,
We can expect substantal progress in all of these areas.
Many secretaries in the year 1986 will be adept at word
processing, use of electronic mail, and cuomputerized
storage angl retneval of data,

Retrieval of telephone directory information provices
an example of expected progress. Alreacy telephone
operators use computerized directories, with operators
located in a single city serving a whole state or larger
region. 1n both France and the United States there are
ongoing experiments, with computer terminals_in peo-
ples homes being used to access telephone directory
information, In ten years, home computerized tele-
phone directory access will be fairlly common, The
French government has plans t~ replace all home tele-
phone books with such terminals; mass production of
the terminals has already begun. These same terminals
can give access to data hanks containing other infor-
mation and could be the basis of & nalionwide elec-
traruic mail system, '

Other types of computer-based informatio n?t._»lrie\ml
in people’s humes are already commercially available.
Several approaches are being used. One methad uses
standard broadcast TV signals. A TV picture consists of
a large number of hnes; the signal broadcast by a TV
statron contains a few more lines than are needed 1o
generate a piciure on the TV screen, These additional
hnes can be ceded as characters of information, re-
ceived and deceded by a special device added 10 the
TV set, and displayed as pages of panting, The TV Jta-
tion can maintain an up-to-date data bank of pages of
information. These pages might Be sports scofes; stock
market quotations, weather forecasts, world news, and
s0 0N, In this way the TV user has access to hundreds of
pages of very current information,
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A second approach is via telephone lines to a very
large data bank, with output being displayed on one’s
home TV set. A third approach is via cable TV. All cable
TV systems <urrently being installed in the United
States have two-way capability. Thus, they are design-
ed to permit transmission of signals from a TV station
into a home, and also transmission of a signal from a
home to a centrally located computer. This means one
can have an interactive information retnieval system not
making use of the telephone. All three of the systems
we have mentioned are currently in use, and It is not yet
clear which. if any, will domnate in the long run. What
is clear is that computerized IR in peoplz™s homes will
hecome Increasingly common.

Another type of progress is a natural outgrowth of in-
creased hardware capabilities of microcomputers.
Already microcomputers can use languages such as
COBOL. Logo, FORTRAN. Pascal and PILOT that
were formerly ava:lable only on large scale computers.
Indeed, the microcomputer of the future will not be
“micro™ in capability, and a name change would be
helpful. The trend of rapidly mcreasing capability of
easily portable computers will continue, 50 that micro-
computer users will have access o most softw. *re now
found on large compuier systems.

The next fifteen years will witness the birth of some
new programming languages, profoundly diiferent
from the high level languages currently availlable. They
will be designed to help people who know little about
computers of programming to clearly specify tasks a
computer s to perform and problems a computer s to
solve. These languages will be much easter to learn and
to remenber than Paseal of simular currently used fan-
guages. ’ ’

These new languages will be highly nteractive,
designed to help the user describe a problem situation
and to work through posuble methods of attackung the
problem. Computer systems using these new languages
will be quite intelligent, making suggestions and asling
questions to resohve ambiguous specifications by the
user. Imtially such problem-solying systems will require
very large compute systems, but twenly years from
now such aids to problem solving will begin to become
available at a reasonable cost to large numbers of peo-
ple. ’

Along with the new fanguages will come a prolfera-
ton of knowledge-based computer systems. These are
interactive computer systems that contain a substantial
amount of knowledge about the problems 1n a specific
discipbine, and how to sohe the problems. A math sys-
tem will ’know’” huw to soive problems num algebra,
calculus, linear algebra. logic, and so on. A medical
system will be a good diagnostician, interacting with a
doctor or patient, A chemistry system will know how to

sohve mapy. of the problems.covered.in current high

school and coltege chemistry courses. Students at the
secondary schoo! and college levels will learn to use
these systems, the impact upon the current. comen-
tional curriculum will be subst. ntial.
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Applications software. especially CAL courseware,
will make rapid strides. Right now the producticn of
CAL courseware 1s largely a cottage industry. It 1s only
in the last year or so that major textbook publishing
companies have begun to gear up to produce com-
putenzed supplements to their materials. As computers
beccme more readily available to students. tne
publisher who takes advantage of this instructional
medium will gatn a sales advantage. Other publishers
will then jump on the bandwagon, and compratenized
supplemants will become avallable for most of the na-
tionally distributed textbook senes. Over the next ten
years, however. .textbooks will likely continue therr
dominant role as a medium ior the dissemination of in-
formation,

There are not yet enough microcomputers in schools
or homes to make courseware development a pro-
fitable venture for very many people. It 1 estimated
that in the fal' of 1981 there were about 100,000 micro-
computers beyig used for educational purposes in the
United States, This 1s ~hanging rapidly, however, with
sales of microcomputers continuing to increase on 4
year to year basis. Educational sales for the year 1981
are estimated at 70,000 machines. Ten years from now
there will probably be many millions of microcom-
puters capable of using CAL matenals. A mass market
for CAL courseware will exist, and large quantities of
materials will be available.

Quaiity control will continue to be a problem,
however. The development of good CAL matenal and
supporting aids for teachers and students s bhoth diffi-
cult and expensive. There is a severe shortage of peo-
ple who are qualfied to develop good CAL course-
wart. Moreover, there are few educational programs
that can train such people, and few students enrolled in
these programs. Ten years from now educators will still
bemoan the lack of adequate, good qualty courseware
even though very substantial progress will have oc-
curred,




Looking still further ahead. perhaps ten to twenty
years from now, the available combination of hardware
and courseware wall begin to profoundly impact edu.
cation. CAL will not only supplement standard text-
books, but will begin to replace many of them. Good
tjahty CAL to help students learn reading and arith-
metic will run on a home entertainment center, and
some of it will be suited to the needs of preschool
children. Thus, increasing numbers of students will
learn to read and do simplk drithmetic before they start
school. CAL materials will be commercially avalable
for almost all courses at the precollege level, and for
undergraduate college courses. Adult education, voca-
tional educaton, hobby education, and so on will
begin to occur via computer, ;

Altred! Bork, one of the leading experts on computer
assisted learming in the United States, has predicted
that by the year 2000 more than half of all education in
the United States will b2 via CAL. That is a bold pre-
diction, and certainly provides food for thought. In.
herent to Bork's prediction 15 the suggestion of a mas
sive change in education. Currently in the United
States most educalion 1s formal, via schools grades
K-12, commuynity and junior colleges, colleges and uni-
versities, trade schouts, e.c. The learner and the
sources of learning ate physically brought together in a
classroom setting. Much of l{'ae responsibility for learn-
ing is placed on the instructor.

One model of massive change 1s the Open University
in England. “ens of thousands of people are working
towards college degrees using courses presented via
public television. This has proven to be a highly cost
effective method of making college education avail-
able, even though 1t may cost a million dollars to de-
velop a single course. Funds for the development of
these courses come. mainly from the government, and
a single course 15 used by tens of thousands of students.

The computenized home entertainment center adds
a new dimension to ihe Open University concept. It
may well cost several million dollars 1o develop a high
quality CAL course. But eventually the potential au-
dience will be sufficiently large to justiy such an ex-
pense. When this movement becomes well established
it will change the face of education. The topics that can
be effectively taught via CAL will indeed by taught ys-
ing this medium. The equipment will be located in

L
g

75

EIGHT—The Future

homes, libraries, science museums, places of work,
and schools. Children wiil have access to high quality
CAL long before they are old enough to begin attend-
ing school.

Another mode! for educational change is a massive
expansion of pnvate education of in-the-home edu-
cation by parents. The growing dissatisfaction with
public education may lead to voter approval of
voucher systems, with tax money going to parents who
then select the schools their children will attend. Cur-
rently about one-sixth of all school-age children in the
United States attend private schools. Good quality CAL
will help small private schools to offer a strong program
in the "*basics” while keening their costs down. As
Logo znd similar CAL systems become cheaper and
readily available, such computer usage may become a
standard part of the private school curnculum.

The computer impact upon formal education at the
elementary and middle school levels will be large, out
twenty years from now these schools will likely still
look much like they do today. Students will still come
together in schools and will still have human beings as
teachers. More teacher time will be spent on develop-
ing the interpersonal, human-to-human skills. Less
teacher time will be spent on record keeping, paper
grading. providing individual feedback to students on
common subject matter being leained, and so on. The
computer will become the dominant instructional tool,
performing the functions of direct instruction, testing,
record keeping, and guidance of students through
material to be learned.

Business and Industry

The hardware emphasis in this book has been on
microcompulers, since they most directly impact pre-
college education. But large scale ¢~ puter systems
are still in considerable demand and their use is expand-
ing rapidly. Right now each of the manufacturers of
large scale computers has a large backlog of orders and
some are hard pressed to meet the demand. The
amount of compute power represented by this backlog
of orders exceeds the total currently installed capacity
of all large scale computers in the world. Large com-
puter manufacturers, such as 1BM, are hastily adding to
their production capacity in order to meet this growing
need.

The key to expanded use uf computers mnr business
and industry 15 increased worker provuctivity. Take a
simple example. A secretary can be trained and skilled
at very neatly writing out letters in longhand. Give ‘he
secretary a manual typewriter and productivity may
double. Give the secretary a self-correcting electric
typewriter and another significent gain in productivity
results.

Now supply the secretary with a computerized vsord
processing system, access to 2 computenzed dictionary
and other data hanks of information. and access to an
electronic ma:l system. Productivity again tak s a sig-
nificant jump. This 15 st beginning ‘o occur in the
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typicat business office. Ten years from now word pro-
cessing and related applications of computers in the
secretarial office will be commonplace.

You are undoubtedly aware of the massive change in
farm employment thai, has occurred in the United
States over the past two hundred yvears. At one lime
nearly ninety percent of the population worked on
farms to produce the food needed in this country.
Gradual but continual increases in farm worker pro-
ductivity have led to the situation where novs less than
four percent of our labor force works on farms, and this
country is a massive expc:ter of foods.

We are just at the beginning of a new industnal revo-
lution—the robotization of industry. An industrial robot
is a computerized machine that can weld, screw nuts
on boits. fit parts together, run a spray painter. and so
on. Typically an industrial robol costs $50.000 to
$100,000 or more, and performs a task similar tc a
human worker. But the robot tends to be faster, more
reliable, and able to work several shifts per day.
{Routine maintenance, plus repair when the rob<.
breaks down, are necessary, however.) The nvice of in-
dustrial robots will decrease as they begin to >e mass
produced.

into the curriculum. Computers can solve, or can assist

Right now there are only a few thousand industrial
robots in use in the United States, and perhaps twice
that many in use in Japar.. Japan and the United States
are leading the world 1n the development of these ver-
satile. computenzed aids 10 increzsed manufecturing
productivity. The currently available models are goodl
—well worth the money, demand 15 large and 1s grow-
ing rapidly. Over the nexr 1wy decades there will be a
massive nflux of +obot. .0 industnal production.
Millions of human worker. .vill be displaced and/or will
need to be retrained for such tasks as rchot mam-
tenance and repair. Of course, we will also ha e robots
that ccn mamtain and repar other robots. One of
Japan’s leading robot manufacturing companies is cur-
rently-builchng a farge factory and equipping it with
robots that w Il ouild robots. They expect to capture J
significant percentage of the rapidly expanding world
market for these aids to industrial production.

In the past, college educated people have tended to
feel that automation was something to be feareti by
assembly line workers, but would not directly atiect
people with college-praduced skills. The computer has
changed this. A computerized autopilot car. take off,
fly, and land a plane as well as a very skilled pilot. A
computerized typesetting system displaces skilled linw-
type operators. A computerizeo graphics system dis-
places hundreds of cartoon aruists used to produce
children’s television cartoon programs.

And we must not forget education! Computers can
increase teacher productivit, this could lead to a de-
crease in the total number of employed teachers.

Education

By now you should be convinced that computers
have the potential 10 massively impact educaticn at all
levels. CAL can help students to learn more, butter, and
faster. CAL can shift the responsibility for learning more
tc wards the learner and can increase the amount of
learning going on in cu* nf-school situations. Much in-
struction that currently requires the presence of a
teacher can occur in the home, library. or place of
work. via CAL.

But CAL 15 only pa:t of computers in education. Stu-
dents need to learn to use and to live with ~omputers,
50 instruction about computers needs to be integrated

in solving, many of the problems students currently
study. The curriculum rrust change to reflect and to

‘take advantage of this.

Most educators do not yet comprehend the magni-
tude of the tasks mentioned in the previous parcgraph,
Th.e entire curriculum needs to be carefully reviewed.
All curriculum miaterials need to be examined, and
most need 1o be revised. AW (eachers need some re-
training, and most need a substantial amount. If you
have carefully studied this book up to this point, then
you have put,in a significant amount of tim# and effort,
Let us suppose that you have also worked 1. computer
programrmng an equal amount, and have developed
modest skills in programming.

You should be proud of vourself, because ,our
knowledge of computers places you in the upper ten
percent of all elementary and middle school teachers.
But—you should also realize that ever: your knowledge
15 not adequate 10 the curriculuri revision tasks we
have described! Would you have teachers who had a
single college level course in mathematics (and no pre-
college work in this area) revise the math cdrriculum?
Wou?d you have teachers who had just learned to read
via a single college level reading cours : be responsible
for estzblishing the elementary school” reading cur-
nculum? Would you have teachers who had never
even heard music before taking a single coliege level
musi< course be responsible for developing and imple-
menting the music curriculum?
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Over the next two decades, educators will come to
realize that computers are equivale~t to reading and
writing, or to arithmetic, as part of the “basics” o/ edu-
cation. Students who receve an education fully inte-
grating computers as a topic of instruction, an aid to

problem solving. and as an aid to learning, will have a
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tremendous ddvantage over those who do not. Edu-
cational leaders and the general public wil: come to ex-
pect that schools will provide this education. Students
will grow up with computers, using them as everyday
tools.

Not all teachers will be able to adjust to the influx of
computers into education. If you have learned the
material in this book and ihave fearned to.program a
computer, then you have demonsirated the capability
of being a leader in this educational change. Take the
knowledge you have, and use it! But be aware that
there 1s much that you do nof yet know. By all means,
continue your informal education by reading, experi-
menting with your students, tatking to other teachers’
about computers, and so on, If at all possibie, continue
your formal computer education. Get your school dis- -
trict to sponsor a workshop or an inservice coursé.
Take an evening course at a college or university. At-
tend summer school. As you learn, use your knowl-
edge. Integrate it into your everyday school aclivities,
and pass it on to your students. The future of com-
puters in education depends 10 a large extent upon
YOQU., and others like you. The future is bright if you
and other teachers continue to iearn!




APPENDIX B

" PRE-COLLEGE COMPUTER LITERACY:

A Personal Computing Approach

ABSTRACT

It is generally agreed that all students should become
computer literate, but no definition of computer
literacy has gained widespread acceptance. This book-
let defines computer literacy in a manner that can
guide educators s they work to implement universal
computer literacy through precollege education.

This booklet is an updated and expanded version of a
paper, “'Personal Computing for Elementary and.
Secondary School Students,” prepared by David Mour-
- sund for a computer literacy conference held in
December 1980 in Reston, Virginia. The conference
was organized by the Human Resources Research Or-
ganization and the Minnesota Educational Coniputing
Consortium. The purpose of the conference was to
help participants gain an increased understanding oi
the meaning of computer Iiteracy and what can be
done to help students “ecome computer hiterate,

This booklet is :ntended for curriculum specialists,

— elementary and secondary school teachers, media spe-

cialists. teache:s of teachers and others concernied with
curticulum in precollege education. it defines and dis-
cuszes computer literacy for elementary and secondary
school students. The approach is via amanalysis of per-
sonat computing and the aspects of computers.that can
have a direct impact on students. Students can be per-
sonally involved with computers through computer

assisted learning. computer assisted problem soiving,
the study of computer and information science and
through the use of computers for entertainment. Sty-
dents can iearn how computers are affecting the world
of business, government and industry-—-and thus, how
computers will be part of their future. Each of these
aspects of personal computing contributes to the
definition of a set of goals for computer literacy in
elementary and secondary schools. The resulting
overali goal is for a working knowledge of computers—
that is, knowledge that facilitates the everyday use of
computers by students. This knowledge lays a firm
foundation for future learning about computers and for
coping with the‘inevitable changes that will occur in
this technology. :

PRECOLLEGE COMPUTER LITERACY
A PERSONAL COMPUTING APPROACH

PERSONAL COMPUTING (noun phrase)  Easy to use. readily
avaifable, inexpensive access 10 electromc digital computers for per-

sonal use. The term gained prormnencetnthe fate 19205 with the ad-
venl and rapid prolileration of mwcrocompulers. Since then prices
have continied 10 decrease, while the quality and capability of micro-
compulers have increased substantially. The fust coramercially
avall ble handheld compuier, itroduced in 1980, and a vanety of
briefcase sized computers introduced wince then have lent credence
10 1he idea of people having €asy and reary unlimted access 1o com-
puters for everyday, personal use,

HISTORICAL OVERVIEW (TECHNICAL)

The history of computers can be viewed in terins of
progress toward making computer svetems more readi-
ly available and easier to use. The first stage was lo
make computers available—to invent the fundamental

nicians to insure operation, and the machines were not
very reliable. Computer memories were quite small
and mternal instruction sets (machine languages) were
restrictive. The process of preparing programs and g at-

ideas and to build the first machines. During the late . ting them into machine usable form was exacting and

19305 and early 19405, substantial progress occured.in
England. Germany and the United States. The fifst
general-purpose electronicdigitat computer built in the
United States was the ENJAC, v hich became opera-
tional in December, 1945.

The ENIAC and other early vacuum tube computers
wete difficult to use. The development of assembly
languages and assemblers helped. But still, each com-
puter required a team of electricat engineers and tech-

Hrne-consuming.

By 1951, however, many of the initial problems had
been overcome and the UNIVAL |, the first commer-
cially produced computer, became available. OQver one
hundred of these machines were eventually produced
and sold, evdence of a rapidly expandiug market for
computers, However.. the UNIVAC | and other com-
puters of the 19505 used vacuum tubes. Maintenance
and reliability remained majcr problems, along with
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‘he size of both primary and secondary storage and a
shortage of good software and programmers,

Durning the 1950s, high level programming language:
such as FORTRAN, COSOL and ALGOL were defined
and implemented. '\ ansistors became readily
avallable, as did prmary memory which made use of
tiny iro~  ares. The second generathon of computers
that em¢,ged in the early 19605 Jepresented fremen-
dous progress toward making computers more.reacily
available, rehable and convenicnt to use. Some of
these machines remained in service for 15-20 years.

Rapid technological progress in both ha.dware and
software continued. Timeshared computing, especially
interactive BASIC, provided a new standard of per-
sonalization n puting Even more importantly,
however, the 19605 saw the development of o process
tu manufacture a single Gntegrated) arcuit containing a
number of interconnected transistors and related com-
ponent,. Component density rapidly ‘'mounted from
tens to hundreds to thousands on a single silicon chip,
The cost per active component dropped rapidly. and
reliability increased.

Large scale integrated circuitry helped define the
term “third generation’” of computers n the mid
1960s. Tens of thousands of computers were manufac-
tured and installed. Minicomputers were priced so thal
an indiadual researcher or resear zh proiect could own
one Computers become an everyday ool for hundreds
of thousands of people. Since then. progress has been
relatvely smooth and continual. Thus, there 15 no
agreed on detinition of fourth or fifth generation com-
puters.

Thie era Of personal computing began with the intro-
duction of microcomputers in the latter half ot the
1970y, Suddenly it became possible for an indwidual 10
ow . a compuferTor use af home, in the office or in the
clussrotm The cost of teaching using compuiers rapid-
ly dropped by almost an order ot magnitude. Students,
even 1n the elementary grades. could have hands-on
expernience with computers,

tn 1980, a baitery powueied _ornputer. the size of a
handheld calculator and programmable n BASIC,
hecame commercially available at a retall price of
about $250. By 1981 tius machine was being dis-
counted to 5200, In 1980 and 1981 several companies
intt sduced easily portable briefcase-sized computers.
Their advertising campaigns stressed the ide » that thesu
computers could be taken ¢n business trps. thus hav-
ing them available tor use at all imes,

In 1981, Hewlett-Packard announced a 450,000 tran-
sistur chip. This single Chip Lontains more ircaitry than
many of the large scale computers of the early 1960s. In
1982, Casio began selling an ordinary sized wrnistwatch
whith contains ¢ 1,711 word Spanish-to-English and
Enghsh-to-Spanish dictionary a. well as the ordinary
whistwatch functions. Duecember of 1982 saw the salu
of many hatiery-powercd, handheld electronic games
as well as tens of thuusands of computers., Estimares are
that two millon personal computers were purchased
fur home use in the United States in 1982, and that four

million more will be purchased 1n 1983,

Thoto advances have opened up the possibility of
rersonal computing for the general population. Com-
puter manufacturers could produce a microcomputer
for every home, office and student desk at school.
These individual units could be connected to each
other and to Jarger comy ters through our telephone
systems and our cable teevision systems Not only 15
this possible, but it 1s quite likely to occur over the next
10-20 years. .

HISTORICAL OVERVIEW (EDUCATIONAL)

A number of the early compulers were built at
unnersity campuses and were immechately used for
both research and instruction. But first generation com-
[ - ters were relatively expensive. su their use in educa-
tion was limited.

The 1960s saw a rapid proliferation of computers 1.1
education, especially in colleges and universties. Hun-
dreds of computer sCience and data processing degree
programs were started. Computers were easy efiough
to use so that college undergraduates could take a few
computer courses and emerge from college with well
s .ying jobs as computer programmers of system
analysts,

By the early 1960s a fe'» secondary schools had com-
puter access and a few teacher traiming opportunitites
were avallable via evening, weekend or summer cours-
es, Later in that decade and in the first half of th 19705,
the National Science Foundation funded a nuiaber of
inservice and summer institute computer courses for
secondary school teachers. Most participants were
mathematiCs or sCience teachers. Tymicai 1nstitute
courses covered programming in FORTRAN or in

" BASIC, and some computer-oiented mathemalics. The

impact upon precollege edu.ation at that 'ime was
minimal, since few sace Jdary schools had more than a
modest computer facility available, In recent years,
however. many of these early computer institute par-
ucipants have emerged as computer education leaders
11 their schools and school districis.

Since the late 1950s, people have worked to develop
computer assisted learning systems. Stanford Lniversity
professor Patrick Suppes received substantial federal
funding during the mid 1960s to develop and test dri}
and practice materia.s in elementary school anthmetic
aad language arts.* Many of today’s dnll and gractice
matenals can be traced back to the pioneenng efforts
of Suppes” group. Computer assisted learmng has oe-
come 1 major apphcaton of computers in precollege
aducation,

The Colorado Project’ was a leading example of early
effers to make significant use of compdters in high
school mathematics. This second vear high school al-
gebra and trigonometry course was developed in the
late 1960s. Students studied BASIC durning the firsiofew
weeks of the course and throughout the remainder of
the course were expected O wiite short programs as
part of their effurts to Yearn algebra ancl trigonometry.
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The ponularity of this course probably peaked in the
mid 1970s and has since declineA. For example, at one
time nearly 10% of the high schools in Qregon offered
at least one section of the course. But ove: !, few
teacters felt qualtied to teach the course, and the in-
clusion of computer programming mto an already
crowded course added to the difficulty of teaching it.

Despite such curriculum problems. mnstructiona! use
of computers increased steadily through the mid 157is
and then accelerated as microcomputers became avaik
able. By the end of 1982 there were an estimated
200,000 microcomputers in use in precollege educa-
tion in the United States—about one for every 250
students.

These microcomputers were not evenly distributed.
In Eugene, Qregon {the author’'s home town) for exam-
ple, there was one microcomputer for every 90 stu-
dents. Every junior high school and li*gh school in this
town of 100,000 population cifered computer pro-
gramming courses and macde some use of computers in
non-computer courses. Severdl elementary schools
were experimenting ‘with computers, using both the
BASIC and Logo languages.

An added impetus for computer science instruction
in high school is provided by the Advanced Pacement
Tex {students can earn up to a year of college com-
puter sctence credit) that will become available in the
spring of 1984. Rough'y one-third of United States high
* hools offer ar: advanced placement oriented calculus
.1ass. Most of these schuols and m~ay others may
eventually want to prepare students for the advanced
olacement computer science course.

HISTORICAL OVERVIEW

The 1dea of computer literacy for the general student
population probably first emerged in the late 1960s.
Leaders in the field of computer and information
science began to suggest that all people needed to
know something about computers. The Confer.nce
Poard of the Mathematical Sciences recommende 1
universal computer litera~v in its 1972 report,? suggest-
ing that this could be achieved via a junior high school
computer literacy course. Although its request to the
National Science Four ation for funding to develop
such a course was denied, many individual teachers
hegar to offer computer literacy units or entire courses,
and authors began to develop materials useful at the
eletentary and secondary school levels.

The meaning of computer literacy has never been
particularly clear, and it seems to have changed over
time. Initially, computer lteracy usually was taken to
mean a level of understanding which enabled students
to tajk about computers but which involved httle or no
experience in warking with computers. (This is now
called computer awareness.) Students were exposed to
movies and talks about.computers, allowed 10 handle a
punched card, discussed ways that computers were
used in business, government and science. and

e el e e e e
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perhaps toured a computing center, Little or nothing
about this was personally relevant to most students,
and being aware of computers had little impact upon
them. )

The growth of computer assisted learming added a
new dimension.’ The comp'ner could teach the stu-
dent. Certainly this had a direct personal impact upon
stuctents. Initial studies suggested that in some aca-
demic areas many students learned as well or even bet-
ter from computers as from conventional modes of in-
struction. Compurer assisted learning required little
specific knowledge about computers on the pant of
either students or teachers, and computer hardware
could be mass produced—a few people predicted that
conventional formal education vas doomed!

This situation prompted At Luehrmann and others to
raise animnorlant issue in ths early 1970s: what are ap-
propnate uses of computers in education?? Should the
computer ieach the student—or vice versa? Or, as Tom
Dwyer put it, shouid the student be the passenger or
the pilot??

The basic issues involve what students should icarn
about computers and the ways they should ..arn about
or use them. When a computer acts upon a studentina
conputer assisted learning mode, the student need not
learn much about comput s. But when a student acts
upon a computer, developing programs and solving a
variety of problems, more 'nowledge of computers is
required—on the part of both student and teacher.

The issues have been sharpened through the work of
Seymour Papert. For more than a decade he has been
Jeveloping the Logo language, turtle geometry, and
ideas on using computers with elementary school chil-
dren. Papeit advocates immersing children in a prob-
lem-rich environment, and he has shown how com-

suggests that even very young children can become
adept at using a computer as an exploratory tool and
can learn key ideas such as top down analysis, debug-
ging and sutwroutine. Papert guestions whether our cur-
rent educational system can cope with the changes he
is advocating.

The issues raised by Dwyer, Luehrmann. Papert and
others have not been resolved, in part because com-
puter literacy is nol accepted as an important goal by
the majority of  ‘ents, educators or students. Even
now the schoo -at can provide one microcomputer
or timeshared terminal per 25 students is rare. Rarer
still is the school that has even one teacher with a
k owledge of computers in education equivalent to a
strong bachelor’s degree in this field. Contrast this with
almost every other acsdemic ar2a taught in secondary
schools, where a bachelor’s degree or an even higher
level of teacher preparation is common.

However, both of these situations are changing—
they could change quite rapidly if our seciety, working
through its school system. decided that it was import-
ant to have it happen. The increasing personal access
to computers may provoke that decision. The remain-
der of this booklet discusses some aspects of persona)
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compuiing and how they help 10 define sume specific
goals for computer Ineracy

PERSONAL COMPUTING:
A FORMAT FOR EXPLORATION

Studlents of all ages can learn to use a computer at a
level that 15 meaningful to them and makes a cuterence
in their hives. Personal computing for students can be
divided into several categories. The following yswes of
coinputers are neither disjointed nor all-inclusive, but
will serve 0 guide our exploration of the concept of
computer literacy. Computcrs can be person. lly useful
to students as:

I. A General Aid to Learning.
1I. An Aid to Problem Solving.
1. An Object of Learmr 3 in itseli: The Discipline
of Computer and Information Science.
'V. Entertainment.
V. A Part of Thewr Future,

Each of these will be discussed, along with how each
contrbutes to a defimtion of computer literacy. The
discussion will center around students and thewr every-
day, n-school activities. Thus, the goals for computer
iteracy that emerge will tend to be student.oriented
and relevant to students. Moreover, these goals will be
flexible and easily modified as changes occur in com-

.. _. _ puter capabiity and.avalabtlity as_welL as in.the cur-
~ riculum.

I. A General Aid to Learning
Computer Assisted Learning, Tutor Mode

Computer assisted learning (ZAL), the use of com-
puters as a1 aid to learning. can be divided into two
majc parts In one part, frequently called computer
assisted instructron fCAQ, the compulc” acts upon the
student. Yvhether the mode - drill and pracuce, tu-
tonal or simulation, the computer has the knc svledge
and 1t 1s the student whu is to acquire the knowledge.
Following Robert Taylor's ideas,” we will call ths tutor
mode CAL.

A second form of CAL puls the student in charge—
the student acts on a compuler as an aid to learning.
Learming environme s createa using a l.ogo language-
based computer system provide a good example.'? Af-

ter a few minutes of instruction, even an elementary

s¢ huol student can learn enough Logo programming to
begin encounienng nteresting and challenging
geomelry problems. tmmediately the emphasis then
switches *om learnimg Logo to problem sulving in the
domain of geomctry. We will call this tutee mode
CAL. 1t will be discussed later 1 this section.

In essence, tutor inode CAL is a computer simulation
ot certain aspects of leaching/learming processes. The
ield 15 more thar twenty years old now and 15 slowly
matvrng, Intially much wtor mode CAL matertal was
gquite poor, and even loCdy this remains a major proly-
lem. But, hke any computer simelation, tutor mode

CAL quality can be improved by continued work on
the underlying theory. the software, the hardware and
the other supporting malerials. There are now some
quile good tutor mode CAL materials, with strong evi-
dence that many students learn betier and/or faste r us-
ing these matenals. Moreovel, lulor mode CAL s a1exs
cellent educational research tool, contributing sig-
nificantly to an understanding of what students learn
and what helps them 1o learn. Good tutor mode CAL
embodies what is known about learmng theory and
makes explicit the model(s) of instruction being used.

The explicit implementation of learning theories in
tutor mode CAL is a key idea. All teachers have some
insight into a variety of learning theories and realize
that not all students learn in the same way. Significant
progress in learning theory has occurred during the
past twenty years. it is nearly impossible for a class-
room teacher to keep up with this progress and to
make use of the more relevant ideas ir wsfher teach.
ing. However, modern theories of learning can be vsed
in the design and implementation of tutor mode CAL
matenals. An individual or team of tutor mode CAL
developers can spend the necessary time to stydy cur-
rent learning theory research and to implement ideas
that will help students learn more, better and fast r.
Tutor mode CAL can provide an indavidualization of in-
struction .hat cannot be matched by a teacher who
must deal with large numbers of studer ts.

Another importan. idea thal can be made explicit in
education is learning abrout learning. A student needs
information on how, and under what conditions, sfhe
can learn best. That 15, a student needs to learn about
learmng. The computei provides a good motivation
and vehicle for specific inztruction on le: ming and on
learning to learn. What does it mean to *"'tnow’” a pat-

ticular topic? Are some ethodsof studying moreproe———

ductive than others? Is there one best method for study-
ing all subjects? Since computers can hep most sti-
dents to learn faster, most students can benefit from
learning the capabilities of tutor mode CAL and from
having access 1o tutor mode CAL. Any student can
learn to use tutor mode CA' and all can learn how (for
them personally) CAL compares with olher aids to
learning.

ideally. a computer hterate student has experienced
tutor mode CAL in a variety of disciplines and has de-
veloped insight into its value relative to other modes of
instr'ction/learning. The student has used drill and
practice, tutonals and simulations in art, music, math,
-<ience, language ans, social studies and so on. This
has.occurred at each grade level. The student has stu-
died and thought about what it means to learn and has
speciiicaily studied various modes of instruct on/learn-
mng. The student u derstands what best "its his/her
needs in a wide variety of situations.

Nolice that this aspect of computer fiteracy is sen-
sitive to changes in computer technology and to chang-
es in wtor mode CAL guality and availability. We need
1o acquant students wiih the best thatis currer”  vail-
able and help them to understand that th.s “best™ is




rapidly changing. We should alsu stiess that tutor mode
CAL can occur 1n many seltings outside the classroom
and can therefore play a useful role in lifelong educa-
tion.

This approach to computer hteracy can begin at the
elementary school level and can continue throughout a
student’s education. 1t has the potenual to help revolu-
tiomze education. The responsibifity for learmng can
be placed more exphcitly upon the student. rather than
upon the leacher or schoon system as it 15 now. Many
topucs of instruction and iearming do not have to be
directed by the teacher nor do they require that a
teacher be present, It s likely that eventually tutor
mode CAL will be o standard. or even dominant, mode
of nstruction/learminig. Because of this and other
henefits of wulor mode CAL discussed in this section.
we should continue to expand usage of tutor mode
CAL. even in situations where it is not yet 100% cost el-
fcctive relative to convenlional modes of instruction.
By doing so we are investing in the fulure value of our
students’ education,

Some teachers fear that tuto mode computer assisted
wstruction will disrupt the school system and replace
teachers. This will certainly not be true n the near
juture. The number of microcompulers currently being
used 1in the Umitd Siales precollege educanon system
15 enough to give each student one minute of computer
use per day, A lenola or twenly-iold increase 10 com-
puter assisted learming would sull have only modest im-
pact.

But by the year 2000. we may well have 09¢e micro-
computer for every two students, A typical student may
use computer assisted nstruction matenials for an hour
or lwo per day. The computer. rather than textbooks
and other prnt matenals, inay be the donnnant mode

‘of instructior . The poténtial impact” Upon teathers 5 -

not clear.

Computer Assisted Learning, Tutee Mode

In tutee mode CAL. a sludenl acts upon a computer,
the student 15 in charge, direcung the inte¢raction and
learming hy doing. “he computer heips to provide a
rich learning eaviromiment. but the computer is not pre-
programmed with informaton 10 be taught to a siu-
dent. Tutee made CAL generally requires that a student
learn quite a bit ghout a computer system and its fan-
Buage.

Reading provides a good analogy. A young student
must expend considerable ofiort to master the rudi-
ments of reading. Initially a student’s aural and visual
skills far exceed hisfher reading skills in acquiring new
information. But eventually reading skills increase and
a new world opens— the printed record of the accu-
mulated knowledge of the human race. Third graders
may learn more abnut dinosaurs than their tearhers
know. A seventh grader may read about electricity, at-
taining a level of knowledge far beyord that of leading
scientists two hundred years ago.

Similarly, students first encountering computers and
a programming language in tutee mode CAL must focus
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upon learning the rudiments of a programming larn-
guage. But eventually enough of the language is
lea“ned to open up new worlds for exploration and
learning. If the computer and language system are ap-
propriately designed, most students can mnve rapidly
from an emphasis on the study of the computer system
into an emphasis on learning other tmaterial.

The togo fanguage iltrstrates this quite well. Logo
was specifically designed 10 be used in tutee mode CAL
by clementary school students. Imtial instructiun may
consist of lecrning to turn on the cornputer system and
heing shown a few simole examples. V'vhen the system
15 turned on, - poinied arrow called o “turtle’” is
display »d. This turtle draws lines as it moves about the
screen following directions specified vv the computer
user.

FANITIAL SIFUATION

sORIGHT 45

5 RICHT By 6 FORWARD 50
-
T RIGHT 45 8 FORWARD 70

Even very young children can quickly learn com-
.ands such as FORWARD, BACK, RIGHT and LEFT.
FORWARD and BACK are accompanied by 5 distance
while RIGHT and LEFT are accompamed by an angle
mzasured in degrees. The commands have abhrevia-
tions FD, BK, RT and LT respectively,

anteady the child is dealing with distances and
angles— that is. with geometry. How can the turtle
draw a house, a clown or a flower? After just a ‘aw
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minutes of instruction 'he focus changes from learming
Logo to the solving f some problem.

As sludents progress. they will find a need for add:-
tonal Logc  language tools  Thus, students will
repeatedly switch from working on a probleia to Jearn-
ing more about the language and then hack agan to
the problem.

In the above example tive Logo system 15 used to
creale a geometry environment. This ts a rich, deep en-
vironment, an enlre secondary school geometry
course has been embedded in this envire- ment.s

A modern word processing system provides another
example of tutee mode CAL. Such a system allows
material Lo be typed, edited, stored and output. lt also
contains a spelling checker, which can help to identify
misspelled words. )

It requires some imtial effort for a student to learn to
use a word processing system. But the rewards are well
worlh the effort. Wnting becomes more fun and cor-
recting errors 15 no longer a major problem. A student
can go through a number of drafts of a report or essay,
trying out vanous ideay and continually improving the
quality. The nice looking computer printout i a potent

sward.

N the past, word processing has been quite expen
sin €, sy It has been used prunanly in large business of-
fices. Mow. however, microcomputers have brought
the cost of word processing within the reach of many
milhions of potential users It 1s evident thal most offices
will eventuilly make use of this technology. As waord

- xessing comes into our educatienal system al all

levels, the impact will hkely prove to be dramatic. De-
bugging. the systematic detection 2nd correction of er-
rors. wili become a standard part of wriimg. Because
the final product i1s nice to look at, niore students wili
collect and display the§ wiiting. Perhaps we will spawn
a new generation o writers!

The key idea of tulee mode CAL is using a computer
system to create a new, nch, ateresting learning en-
vironmenl. Tutee mode CAL can provide environments

- such as art, rausic, the physical sciences, and o on. In

music, for example, we know that quite young children
can develop a good ear for music and can learn to play
mustcal instruments. Wath an approhriate computer-
based environment, the same children can also com-
pose music The computer interacts with the com-
poser, stores the composition :md ofays it when re-
quested. The composer (the ch.ld) creates the musical
composiion, edits it and eaperiences the pleasure of
being creative.

Art education pro-des another good example. There
now exist excellent computer assisted  painting™ pro-
grams. A student can paint a picture on o color televi-
si0n screen. Working with the computer system, the
student can animate a picture, change the shape, size
and color of us objects and experiment with perspec-
tive. Such expenmentation ;s 4 powerful aid to learning
art. Moreover, it provides a solid foundation for learn-
mg about computer 2raphics and for understanding
how computers are ysed in the produchion of television

and movies. . t

Tutee mode CAL can be done on any computer sys-
lem. Bul obviousty it will he more “1if the
hardware and software are spe dned to
faciitate learaing. An inleraclr . LO80 system i far
superiof toa batch processed C.BOL system for young
children. Eventually we will have a wide vaety of
computer  harGware/software  systems  specifically
designed to faciiirate tutee mode CAL. In some dis-

. aplines it s hikely that utee mode CAL will prove to be

a mare supenc aid to learning than conventional
modes of instructioh or tutor mode CAL. in the years lo
cume, tutee mode CAL will certainly play an important
role in education.

Tutee mode CAL 15 m s infancy. Since the research
and expenence bases are still quite modest in size, it is
difficult to formulate precise student-oriented com-
puler literacy goals in this area. Certainly all students
should have an opportunity to explore a variely of
learming environments basad upon tutee moge CAL.
Word processing, geomelry, art and music learning en-
vironments are available through several different com-
puter systems. These provide a good starting point for
introducing students to the power and pleasure of 1
ing tutee mode CAL. As with tutor mode CAL, part of
the goal 15 o heip students learn about learning. Some
students will find thal tutee mode CAl is especially
suited to thesr learming styles and academic interests,

The foundation of tutee mode CAL is discovery-
based learming. A computer system is used to help
create a rich educational environmuat and the student
15 v .ace raged 1o work 1n this environment. For many
students, ciscovery-based learring 15 very effec-
tive—rapid and deep learning Jdoes occur.

But there are many other students who seem to
flourider in a discovery-Lased leaming environmer.t.
They need a more structured environment gand more
guidance from teachers.

The same two points can be made for 'eachers. Some
teachers function well in a discovery-based learn-
ing/leaching environment. But many others have Ygd
httie or no expenence and insttuchion In diCovery-
based learmingfteaching. For them. tutee mode CAL
may be quite threatening.

11, An Aid to Problem Solving

Problem sohing is a central and unifying theme in
education. Any discipline can be framed as a hierarchic
set of probiems to be solved. Instruction in a discipline
leads lo understanding the nature of its problems: what
problems have heen solved and ways to solve some of
these problems, what problems have not been solved
and ways to formulate and attack new problems.

A key aspect of problem solviny is building upon the
work of others. This work i, Stored i1 3 variety of ways.
Each discinline has devcloped vocabulary, notation
ard rools specifically designed to aid in representing
and solving its problem.,. The vocabulary of mathe-
matics, music and psychutherapy are each highly
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specialized. and a given word may have different
meanings in these three disciplines. For example, a
group in mathematics is not the same as a group n
psychotherapy. The vocabulary in each disciphne has
been carefuliy developed (o allow precise communi-
cation of imporian. concepts in the field. Books, jour-
nals and other writings are “coded” in these voca-
bularies, and they constitute a standard way o storing
the accumulated knowtedge of a field. Sull and motion
pictures, video recordings and audio recordings are
other modes of storage.

Much knowledge 1s stored in the form of machines
that people learn to use: the telescope. microscope.
telephone, television. clock. radio. automobile. and so
on. A persan can learn 10 use these machines to sclve
various problems without mastering all the details of
constructing the 1.°achines or understanding how/why
they work 1n the manner they do. Very young children
can learn to use o telephone, television or record
player.

The embodinent of information in a machine is a key
idea. A young chid can learn to read music and to play
a musical instrument without learning the details of
muzic theory or the design and construction of musical
instruments. A child can learn o use a telephone
system, a young adult can learn 10 drive a car. Al Of
thuse activites involve budding upon and wing the
work accomplished by others.

Computers. although they are also “merely” ma-
chines, provide a umque. new way to store knowledge.
We can (oughly) divide the computer siorage of
knowledge into two categories—passive and active.
Passive storage in a computer is analogous to storage in
thi form oi books, films, etc. Computed storage may be
more efficient perhaps, by * not quahtatively different.
“Wnittemmatenals-can -be stored ona magnetic disk or
tape, and the matenial can be etnieved with the aid of a
computerized information retnevat system. Similarly.
prctures or sound can be digitized for computer storage
and later reassembled for playback. This may be faster
and more convenient than non-computerized meth-
ods, but in itself does not represent a proiound change.

Active storage uf information 1s illustrated by even
the simplest four function calculator. The calculator
“knows’” how 10 add. subtract. multiply and divide. 1t
stores this knowledge in an easily usable form. This sor,
of active storage of knowledge is akin to the storage of
knowledge in cther machines such as the telephone,
mucroscope.. alarm clock or stereo system.

Computers epitomize active storage: rthey are spe-
cifically designed for both the storage and retrieval of
information, and for the manipulation of the stored mn-
formation. A computer pragram can contain informa-
lion on how to do something in a form that the com-
puter can yse to carry out the actual process. Thet com-
puter can act upon the world, controlling industrial
processes, routing telecommunications and helping to
solve a wide variely of other problems, A computer can
be a relatively smart machine, storing and using knowl-
edge and skills beyond those of many of its users.

'
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The aclive storage of information normally shortens
the ime it takes to manipulate or retrieve the informa-
tion, a5 wefl as changing the knowledge and skills
needed. Even the four-function calculator illustrates
this. Grayson Wheatley estimates that a typical student
spends two years of mathematics education instruction
time in grades 1-9 mastering paper and pencil long divi-
sion.* How radical is it to suggest that the time spent on
this topic be halved and that students be given cal-
culators?

The calculator example is particulaily interesting
because of its potential to gieatly change arithmetic
education, With some assistance trom teachers, almost
all first grade students can develop an intuitive under-
standing of addition.. subtraction. muiltiplication and
division. They can develop the abwhity to mentally solve
simple examples of all four of these types of problems.

But progress in developing paper and pencil compu-
tational skills is slow. A typical student learns paper and
pencil addition and subtraction by the end of the third
grade and then moves on to multiplication and divi-
sion, Consider the impact of giving all third graders
calculators and allowing their unlimited use. The em-
phasis would be changed from computation to prob-
lem solving—froin rote memory to higher level cog-
nitive processes. Little research has been done upon
tns type of possible change 1o the curriculum,

And iof calculators have the pateniial to make such a
iarge change in the curriculum, what about computers?
Eventually. computers will be nearly as comm.on as cal-
culators are today. What should students be able to do
mentally! with pencil and paper? assisted by a cal-
culator or computer? These are very difficult questions
and will certainly challenge educators for decades to
come. T s e

Progress in hardware. software, artificial intelligence
and computer assisted problem solving in all disc'plines
is conbinucusly expanding the totality of problems that
computers can solve or helpy to solve. The idea of a
knowledge-based computer system is now well en-
trenched and growing in importance. What does a
chemist. geologist, mathematician or physician know
that a computer might be programmed to know? In
these and many other disciplines. intense research ei-
forts are producing computer systems thai perform at
an expert level. That is, computer systems can solve or
help solve a variety of nonroutine problers complex
enough to challenge a human expert. The pumber of
these experi-level knowledge-based computer systems
will grow rapidly over the next ten to tweniy years.
Thus. for any particular problem area that a student
might study. it is likely that computers are already a
very important aid m problem sclving an the im-

portance of comguters in that area is growing.

The computer hterate student unaerstands and uses
computers as an aid to problem solving. This means
that the student has studied pioblein solving and a
variety of aids to problem solving. The student has used
compuiers as an aid lo problem solving over a period
of many years in a wide variety of disciphnes and

-
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understands their capab.iives and hmitations, G en 0
problem, the truly competent studeat can dead 2 of a
computet is a yseful aid compared to other aids/ap.
proaches to solving the problem.

If & computer 15 to be used to help sclve a problem,
appropriate software s necessary. Previously written
programs {often called canned programs. hhrary pro.
grams or packaged programs) ate readily available jor
many general types of problems. Some of these hibrary
Programs are easy to use and easy tolearn how to use,
Others require substantial instruction and practice. in-
deed. learning to use certain packaged programs is
roughly equivalent in difticulty 1o Iearnlng a general
purpose programming language. There is no cleat
dividing line between programming and using prob-
lem-onented packages of hbrary programs,

In many situations an appropria:e library program 1
rot available. An existing progrim may need to be
modified, several preces of existing programs may need
1o be combined or a new program nizy rieed o be wnit-
ten. Thus. structiors In Computer prograrming suf
faces once again as an ‘mportant part of computer
Iteracy. We will discuss this in more detail later.

If the yse of compu?’ 15 as an aid to problem solving is
taught and integrated into \he curiculum. some parts
of the curnculum will substantilly change. The
greatest changes will be in a1eas wvhere we know a lot
about problem solving such as in mathematics and the
wClences. But our CLIffICUIUITI contains a I'IUITIbel' Of
other areas in which a computer can sol e problems or
can be of substantial assistance in solving them. We
will need to decide what we want students to learn to
do by “conventional” methods and to what extent
“knowmng’" an area InCludes knowing how to make yse
of a computer 10 solve problems in this area. Students
need to know which aspects of the problems they are
studying can be handled by a computer.

The ideas of computer hteracy raised in this Section
are dependent upon the capabilities of computer hard-
ware and software and 50 will change over time. As
with CAL, students should becume familiar with the
Lest of modern hardware and software, since con-
tinued rapid progress is to be expected in both. This
type of computer iteracy s multidisciplinary. lis proper
ackievement requires that teachers be computer ht-
erate with respect to their own disciplines. The Associa-
tion for Computing Machinery has made recommenda-
tions on teacher education.”

Most teachers today are not computer literate within
their own teaching areas. They do not know how com-
puters can help solve the problems of therr disuplines.
Moreover, most schools of education are not yet pro-
ducing computer lterate graduates. For the next
decade or two our educational system faces a senuus
problem. Coniputer sysiems will become incr asingly
capable aids to problem solving, while the computer
knowledge of most educators will continue t2 lag far
behind. 1t will take a distinct effort on the part of our
educatwnal system to sigmficantly improve this situa-
ticn.

The teacher education problem s being attacked
from tww o directions. First, many school districts now
have computers-in-education commitiees that work 1o
set student-ortented goals and to devclop the needed
teacher inservice courses. Second. colleges of educa-
tion are beginming to put significant efiort into both
preservice and inservice computer education. A recent
collection of eighteen papers discusses what varnous
colleges of <ducation are doing and gives recom:
mendations for this phase of teacher education.'?

. 111./An Object of Learning in Itself: Discipline

of Computer and Information Science

Computer and information science 15 a new ang 1m-
portant discipline. It is now well established in most
major colleges and unwersities and 1s rapidly growing
in siature. In the United States alone there are nearly
400 bachelor’s degree programs and neatly 100 doc.
toral programs in this field. Hundreds of journals
devote all or part of their content to computer and in-
formation science topics. and the research journals of
almost every otlier discipline occastonally carry com-
puter-related articles.

Computer programming 1s one part of computer and
tnformation science, and learning some programming
is ap essential step n understanding computer and in-
formation science. We “are talking about a student-
onented. non-professional level of computer program.
ming knowledge and skills. A student should be able to
program well enough to be able to attack the types of
problems being studied in the school curnculum and to
make effective use of the tools being taught. When the
topic being studhed 15 part of computer and information
science. It is eyven more important that students write
programs,

Computer programmang involves learning a lan-
guage. More importantly, it involves deveioping and
practicing preblem-solving skills. Top down analysis,
segmentation, testing and debugging are fundamental
ideas best learned through hands-on experience. These
programming-related ideas carry over to problem so.,-
ing in many other academic areas.

Thus, we are led to include computer programsn.ng
as pait of computer Interacy via our analysis of tutee
mode CAL, through our analysis of problem solving,
and also through the importance of computer and in-
formation science. But ncne of these gives a precise
statement of the level or nature of programmng skill
appropriate to computer literacy.

To .pecify goals for computer programming instruc-
tion more precisely, we need to define what it means to
program. Many interactive computer systems function
17 both an immediate execution and a delayed execu-
tion mode, In the immediate executon mode, state-
menis such as FORWARD 50 from Logo or PRINT
721389 from BASIC are immediately carried out by the
ccmputer. These statements can be thought of as one
line programs. A student who writes such statements 1s,
programming. Even this level of programming skill is




useful in learming geometry. anthmetic of more about
programming. in the delayed execution mode, a stu-
dent prepares a sequence of one or more statements
and ~nters it into a computer systemy. After entening the
sequence of statements, the student can direct the
computer to execute the program

Word processing and im.fmation retrieval also pro-
vide examples of computer systems that have both im-
mediate execution commands and delayed execution
capabilities. Learning to use a word processing system
ot an information retrieval system i~ learning to pro-
gram. It 1s true that one 15 learning a special-purpose
language. rather than a general-purpose language such
as BASIC, Logo or Pascal. Huwever. the same genera
principles apply. and it s clear that the computer use t
is directing the system.

In both the immed:ate execution and the dEIayf»d
execution modes, s student 15 making use of very
sophisticated ~oftware. In the carly years of computers.

most availa ‘e software was written in a general-pur- |

pose language. However. there has been a strong his.
torical trend towards snecial-purpose software systems.
This became evident «quite early i statistics. For more
than 20 years now. there have been quite sophisticated
statistical program packages. Learning to use such a
system 1s comparable 1 difficulty o learning a generai-
purpose programming 1a euaso,

One of the most successful and widely used applica-
tions systems for microcomputers is known js an elec-
tronic spread sheet. In vssence. the computer display
becomes a lamse two-dimensional table. Columns in
the table may be related to each other by simple for-
mulas. Then. changes to the figuses in one column
cause.automatic_updates to figures in other columns.
The electronic spread sheet is such a useful 6ol to

many business people that they purchas. 2 computer
system just for this patticular application. It is quite ap-
propriate that business-onernted secondary school
students loarn to use such systems.

Including the use of information retrieval. word pro-
cessing. statistics and other appllcallons systems in-our
definition of programming great * “roadens the scope
of what it means to learn to program. Learning to use
applications systems 1< a rapidly growing part f com-
puter programming; it will eventually he the dominant
part. All students can learn to use apylications systems,
and this is aa essential part of hecoming computer
literate.

In having students learn to progran. the goal is to at-
tain a functional level of knowledge and skill—a level
useful in studying and attacking probems in every
academic ai® 3 The analogy with reading and writing is
1gam useful.“For a first grade student, reading and
writing are specific academic disciplines: it takes con-
siderable effort to learn to read and write. But a high
school student uses reading and writing as tools to
study other disciplines,

Our educational system has had manv hundreds of
years of experience in helping students learn 10 read
and write. We know that most students can develop a
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functional fevel of reading and wnting literacy. We
know tha. instruction can begin in the first grade or
earlier arid that the rate of progress towards functional
litera 'y varies considerably among students. Moreover,
we recognize there is a significant difforence between a
functional literacy level and a profe< ionali level. Some
studets sturly journalism. writing ;2 literature in col-
lege or graduate schooi. They develop much higher
levels of ski! and knowledge in reading and writing
than the general populacr:.

Our eduzational system has only [imited experience
in helping children learn to program a computer. But

. we know nat if apprcpnate computer facilities a d

teacher know!=ige ;re avalable, then elementary
scheof student: _ah fearn to program. A child’s initial
exploration of Logo can be a valualgje learning ex-
perience. The experience rapidly gets into problem
areas such as grometry where the computer system
and the student’s programming skills become useful
aids in 'earrung new non-computer matetial.

The use ot ‘word proressing at the elementary school
level is in its wifancy. Seymour Papert’s work has shown
that even leariing disabled children can iearn to use a
word processing system. There is some evidence that
success in using wor<d processing carnes over to other
academic areas, leading 1o an overall improvement in
academic periormance.

Given adequate time. computer gccess and instruc-
tion. most middle school and junior high school stu-
dents can iearn 0 program in a language such as
BASI, Logo or Pascal. Such students can lu m to use
an infocnation retrieval system. a word processing
system and other applications cystems. Currently, the
graat majority of computer progr. mming instriiction at
the precollege level fucuses upon generai-purnose fan-
guage systems. especially BASIC. This emphasis will
gradually shift as students »:1d educators come to ap-
preCiate the vaiue and power of the apphcations
systems.

The key to functional cgmpuler literacy is having a
supportive environment in which students can con-
tinue to use the compuier knowledge and skills they
are acquinng. A'seventn grade student can learn 10 use
a word processing system and an information retrieval
system. 1hese are generalpurpose tools—the student
canuse hem ' almost all academic areas. Skill in using
these systems will grow as the student grows in overall
academic accomolishment, prov. ‘d adequate com-
puler acuess and encouragement are available.

Another exampte is provided by computer graphics
systems. A graphics system makes it possible for a per-
son to easily draw a bar graph, pie chart, scatter plot or
function graph. Drawing graphs is useful in social
sciences, physical sciences and mathematics. Initial ex-
posure to a comprehensive graphics system might oc-
cur in the nminth grade. Subsequently, students could
use this system in a variety of courses for the remainder
of their educational careers.

To be more specific, consider a student progressing
through the typical algebra. geometry and second yea,
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algebra sequence of courses. Computer graphics s a
useful tool in all of these courses, both as an aid to
problem solviag and as an ad to understanding the
topics being studied. Graohical representations of func.-
nons. for example, can hélp to improve one’s inturtive
nsights into funct'ons and theirr uses. A computer
lnerate _tudent taking these math courses would under-
stand uses of computer graphics in the courses and
waould make frequent use ot this important tool.

Along ~ with instruction in special-purpose and
general-purpose  compuier programming  Systems
should come nstruction in computer science. Intro-
ductory ideas can be woven into the curnculum at all
academic levels. A formal computer science course
might be given at the high school |evel.

The Association for Computing Machic.ery (ACM),
working through its Elementary and Secondary Sciwols
Subcommuttee, has developed a year-long computer
science course for high school students.® The course 15
intended to be roughly comparable to high school bi-
ology in its difficulty and the hope 1s that eve ntually it
will have a similarly wide audience. The course has a
relatively low mathematics prerequisite. Its content 15
balanced between computer pragrammirg, problem
solving and a variety of topics trom computer and infor-
mation science. A detailled, week by week outline for
suci @ high school computer science course 15 given in
Jean Rogers” booklet. A1 Introduciion to Computing.
Content for a High Schoof Course. published by [CCE.?

Computer science includes top.cs such as artificial in-
telligence. business data processing. computers and
society, computer graphics. information retneval. and
modeling and simulaton. It also covers the design.
representation. testing and debugging of procedures to
solve problems. These latter ideas cafry over to other
(non-computer) academic areas, providing students
with some general-purpose problem-solving skills,

These skills and their underlying deas are quite
useful and powerful. Consider debugging. Currently.
most students are taught that the math work they do s
either ““right’”” or “'wrong.”” They do not explicitly learn
that therr “'wrong™ work may be mostly correct and
merely need some debugging. Co. trast this with learn-
ing to wrnte, The idea 1s well accepted there that a stu-
dent’s work may need debugging. Teaching the 1dea of
bugs and debugging could profoundly change mathe-
matics education a1 the pre-college level,

It is erhaps wo early to say that a high school level
computer and information »¢ience course 15 an essen-
tial part of compuler lteracy. But afready we can see
movenent in that direction on the part of some coi-
leges and universities. That s, it seems likely that ten
years from now many colleges and universiies will
place entenng freshmen into a ~emedial computer ht-
eracy coune if they have not acguired such knowledge
previously.

It 15 also difficult to know what employers will expect
of students entening the job market ten years from now .-
The rapid prohiferatiun of computers suggests that quite
a high level of computer hteracy will be expected. The

ACM course mighl become part of a defimtion of the
expected level of computer hteracy.

The standards f.)r computer literacy discussed 1n this
section tend to came trom higher-level authority (for
example, the ACM or ICCE), rather than being ap-
parent to the student. No* ! students will e....ly acept
that an ACM or ICCE-recommended body of knowl-
edge and specific skills will be useful nn the job or In
college. Moreover. we cannot say with certainty that
such a course 15 indeed appronriate. For many years to
come. people will he able to acquire needed levels of
computer-onented skills on the job or i1n their higher
education programs. Bt precollege students who have
acquired this level of computer . lieracy will have a
distinct advantage in seekin®)obs and/or in continuing
thei: formal education.

Although this booklet focuses mainly on precoilege
computer literacy, the emerging pattern of college level
computer literacy provides useful infermaton. In the
past few years e yrollment in college computer science
and computer hteracy courses has doubled and then
¢ .Jbled again. College students are aware of the value
of having a solid functional level of computer science
knowledge. It 15 hkely that this awareness will spread to
high school students, leading to a rapid growth in de-
'nand for computer-related courses. Most colleges are
hard pressed to me 2t the demand, >nd the s.ne prob-
lem is likely to occut (0 many high schools.

V. Entertasnment

omputers are a vapidly growing form of entertain-
ment. They compete successfully + ith television,
stereos, books and movies, They are quite important in
the hives of many stuc enws and can have either a nega-
tive or a positive effec:. We should remember that the
tymical eighteen-year-old in the Unted Siates has
watched more hours of TV than s/he has attended
school! Twenty vears from now we may be making
similar statements about student use of computenzed
entertainmen’ systems,

As with CAL. use of computers as a form of entertain-
ment can be dvded into two main categones. The
designing and implementing of programs 1s fun for
some students. If the program plays a game or simu-
lates an alien environment, it 5 especially fun. Some
people spend a significant percentage of their leisure
tme writ:ing, testing and 1mproving such programs.
They often deveiop a very high level of programming
skill, a level which generally exceeds the skill most
students develop through programnung coumes of-
fered in schools,

But the great magonty of computer use for entertain-
ment 15 game playing. Some computenzed games can
be learned and perhaps even mastered 10 a matter of
minutes; however. there is a growing collection of
computerized games requinng dozens or even hun-
dreds of hours of effort 1o master. Extensive fearung or
the development of a high level of hand/eye coordina-
tion 1s needed.
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Typical of the sophisticated compute, games are the
computerized variations of Dungeons and Oragons.
These are fantasy games in which one expiores multi-
leveied dungeons, searching for treasures and fighting
aragons and other creatures. The games are quite com-
plex and playing them well requires a good memory,
good attention 12 detail and concer.ration. While
careful studies of their educational value have not been
done, it seems evident that such games are intelfectual
in nature, and thus have educational value. Who isto
say that learning to Llay chess is a better use of one’s
time than learning to play 1 computerized fantasy
game?

Quite good computer programs now exist t¢ aid mu-
sical composition or ear training, and computerized
aids for artistic creation are also available. It is not dif-
ficult to include these in the realm of entertainment,
but they also have clear educational value.

A computer program to play chuss, checkers, back-
gwnmon or Othello can be a challenging oprnnent
and an excellent aid to learning one of these games.
Many other problem-solving situ~tons can he for-
mulated as interesting games, invo /ng both entertain-
ment and l2arning.

There is no clear dividing line between entertainment
and education. Indeed, if learning is fun, more and bet-
ter learning tends to occur, Thus, students should be
given the opportunity to make use of CAL materials that
are both educational and 11n. They should learn to be
critical of learning aids that are unnecessarily dull.

There appears to be little need to give students in-
struction in how to use a compute - as a form of enter.
tainment. Students quickly learn tws on their own or
from their peers. 8ut the study of entertainment, or
more appropriately the study of leisure-time, is now
considered to be mportant in modern education.

A computer literate stutdtent has experienced the use
of computers as a form of eritertainmant in a variety of
situations. The student has studied various forrns of
leisure time activity and how computers fit into this
field. The student has made a conscious and reasoned
decision as to the relecomputerized entertainment will
play in hisfher life at the current time.

V. A Part of Their Future

Students in junior high and high school often are ac-
tively interested in the social problems of our society.
They study these problems, and they begir to work
toward helping solve the problems. While computers
are useful aids to problem solving, they are also a new
source of problems. For example, computers make
possible very large, easily accessible data banks. Such
data banks may contain detailed records on a person’s
schooling, criminal history, federal and state taxes,
medical history and employment. The 1984 *'big broth-
er is watching” era is nearly upon us.

A computer literate student has studied the role of
computers and privacy. The studer ' is knowledgeable
about the capabilities and limitations of computerized
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systems that siore data about people and their acti-
vities. The student is able tofunction as a well-informed
citizen in helping to preserve individual freedoms and
those aspects of individual privacy that are so import-
ant in our society.

Computers represent change, and computers are a
change agent. It is generally agreed that one major goal -
of education is 1o help students piepare to cope with
situations they will encounter iater in life, Every student
will encounter new and difierent situations: every stu-
dent will encounter change.

Many of these changes will be based upon develop-
ments in science and tzchnology. We can expect con-
tinued rapid progress. in such diverss fields as medi-
cine, genetic engineering. telecommwnications and
automation.

At the heart of scientific and technological progress is
tne accumulation and application of knowledge. And it
i5 here that computers are making a substantial con-
tribution. Computers, supported by the general knowi-
edge being developed through the field of computer
and information science, have become an indispen-
sable part of our science and tecanology.

Morecver, computers are one of the most rapidly
changing paits of sci¢ nce and technology. The rapid
progress in computer hardware, software and applica-
tions that we have seen in the past thirty years seems
destined to continue for the next thirty, These past thir-
ty years have taken us from the UNIVAC |, costing well
over a million 1951 dollars, to the portable andfor
handheld microcomputers of today. Many of these
microcomputers exceed the UNIVAC | in capability,
while costing less than one-thousandth as much!

It is fun to make a conjecture about what the ,ext
thisty years. will_bring. _The Dynabook project and
Smalltalk-80 language based on Alan Kay's ideas are
est cially exciting.'? Work began at Xerex Corporation
ir e early 19705 on a handheld computer that would
have a high resolution graphics display screen and a
very powerful, modern language. Preliminary versions
of the Smalltalk language were extensively tested with
children, although the overall developmern project is
now aimed mainly at other markets.

Thirly years from now we can expect to have inex-
pensive. handheld computers that exceed today's mil-
lion-dollar machines in capability and ease of use.
Computers will be more common than iuevision sets
are today. There will be large libraries of programs that
can be used to belp solve a continually expanding
range of problems. All educated people will make
everyday use of these computer libraries.

It is important that stude.'ts unders’and the rapid
changes that are occurring in the computer field and
what the future is apt to bring. In particular, how will
computers affect the job market and the types of jobs
that are available? Current estimates are that computer-
based automation of manufacturing in the United
States will eliminate ten million jobs over the next
twenty years. The office of the future will utilize word
processivg, computerized inforrmation retrieval and
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electronic mail. Knowledge and skills needed to func-
tion in this office environment of the future are dif-
ferent from the knowledge and skills that most students
are acquiring i today’s schools. The publishing and
advertising industries will be drastically changed by
computerized video disks and computenzed informa-
tion retrieval systems in people’s homes. The postal
system will be substantially changed by electronic mail.

A student who understands these potential changes
can plan accordingly. Decisions on education and
career oals should take into consideration how com-
puters are changing our world. This 1s animportant part
of computer literacy. ’

FINAL REMARKS

One common way to talk about computer literacy is
1o discuss knowledge, attitudes and skills. Various in-
struments have been developed to test these aspects of
computer literacy, and test scores serve to define levels
of competency. Another approach is tc. specify course
goals and objectives and to develop specific course
content to implement these goals, such as Neill and
Ricketts have done."

In late 1982 the U.S. Federal government made a
grant to the Educational Testing Service, Princeton,
New Jersey to work on developing a definition of com-
puter literacy and an instrument to measure literacy.
Part of the work on the project has been subcontracted
to the Human Resources Research Organization of
Alexandna, Virgmia. The idea is to do a national study
of schoo!l superintendents, principals, teachers and
students to measure their levels of computer literacy.

The approach being taken is based upon the work of
Neill and Ricketts.” ¥ It will include a multiple item test
plus the gathering of some information 6n low these
groups of people actually use computers. Likely the
computer literacy measurement instruments w'"' be
ready for initial testing in the fall of 1983,

We have not attempted to use these approaches
here, nor have we discussed their merits. Rather. we
have used a different approach. based on the ide a that
a computer can have a personal impact upon the stu-
dent, and that the student will be self-motivated to ac-
quire a certain level of computer literacy because of
tne personal value of computers. This assumes, of
course, that appropriate learning opportunities are
made availahle to students. Students need easy, every-
day adcess (0 computers if the personal computing
ideas of this paper are to be implemented successfully.
Moreover, students need computer literate teachers.

The conclusion reached m thi, booklet is that com.
puter literacy is a fenctional knowledge of computers
nd thei- effects on students and on the rest of our
society. This knowledge should be at a level compati-
ble with sther knowledge and skills a student is acquir-
ing in scnool. Itis a knowledge based on understanding
how computers can help us learn, how computers can
help us solve problems, what computer knowledge is
essential to a :nodem understanding of other academic
areas, what 1s included in the field of computer and in-

formation science, computers as entertainment and
what role computers will play in our changing world.
This approach to computer literacy changes eastly as
computers become more readily available and easier to
use, as we learn more about com, uters and inlegrate
the knowledge into the curriculum, and as the use of
computers becomes ommonplace in homes, busi-
nesses, government and schools.

If students are to acquire a functional knowledge of
computers, our school system will need to provide
substantial computer equipment and instruction. New
courses will need to be develoned and many current
courses will need to be revised. Support materials such
as lesson plans, student workbooks, textbooks, films
and other computer-oriented materials will need to be
developed. Teachers will need to develop their own
computer iseracy.

The problem is large, but the goal is clear. Functional
computer literacy is tmportant for all students.

REFERENCES

Mildred Beavers, Eugene Cullins. Ed Herber. Dean Latsen. A
Course n Algebra and Tngorometry with Compuler Program:
ming. The Unwversily of Colorado, 1969.

. Conference Board of the Mathematical Scienres Commiliee on

Computer Educanon Recommendations Regarding Computers i
Figh School Educatron, Apnl 1972,

. Roben Taylor, Editor: The Computer i the School- Tutor, Tool,
Tutee, Teachers College Press, 1980. This book contains three
papers by Alired 8ok, four papers by Thomas Dwyer, ioucpapers
by Anhur Luehrmann, four [rapers by Seymour Papert and four
papets by Painck Suppes,

4 Seymour Paper AMmditorm Children, Computers and Powerful
Ideas, Basic Books. New York. NY. 1980.

5 Haold Abelson and Andrea diSessa. Tustfe Geometsy The Com-

puter a5 a_Medunn_for Lxplonng Mathematis. The MIT Press,

1981.

. Grayson Whealley: ~"Calculalots in the Classroom: A Proposal for
Cwinculum Change,” Arthmetic Teacher, December 1980,

. Tavlor, Powot, and Powell: “"Compuling Competencies for 5c hool
Teachers.” Associaton ior Computing Machinery joint SIGCSE,
SIGCUE ‘Topicy™ 1ssue, ACM Order No 812810, January 1981.

. lean Rogers and Richard Aushing. “'Pecommendations for a One
Year Sece Jary School Computer Science Course,” Association
for Computing Machinery joint SIGCSE, SIGCUE “Topics™ issue,
ACM Order No. 612310, lanuary 1981,

jean Rogers  Ap Introduchion 10 Computing Conlent for a High
School Course. International Council for Computecs in Education,
Umversity of Otegon, Eugene. Oregon, 1981,

Byle Magazine, Volume 6, Number 8. August 1981, Ths issue
contaips thifeen aricles aboul the Smalltalk language anA s
potenhial applicalions.

Michael Nedl. An Empuirical Method ol ldeotlymg Instrocaonal
Objectivis for a High School Computer Literacy Curncufum,
Ph.D. Thesss at the University of Oregon, lune 1976,

. Dnck Ricketts Jwector of Tomputer Educanon Coal Devetop-
menl). Course Goals m Computer Education, K 12, dissemipated
by the Northwest Regionat Educanopal Laboratosy, Portlamd,
Oregon, 1979,

. Topes: Computer Educaran for Colleges of Education, Associa-
ton for Compuiing Machirery, New York, 1983, available from
ICCE. 135 Education, University of Qregan, Eugene, OR 97403,

. The Computing Teacher, Vol. 10 #3, Spewal Logo issue, Universt-
ty of Oregon, Eugene, OR 97403,




ICCE PUBLICATIONS

»

You should know about the }1-computer education l;)oks and booklets we publish. Books about com-
puters and you—abont computers and your students—about computers and special applications. There's a
lot to learn about computers and education, and ICCE booklets can help you learn it!

¢ The Evaluator's Guide to Microcom-
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ware purchasing decisions. This recently
revised step-by-gtep quide to concise seft-
wate evaluatiorh—with sample reviews.
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o Precollege Computer Literscy: A: Per-
sons) Computing &pproach talks aboui
the need for professionals ip the field of
compnter education to recognize and ‘m-
plement & universal standard of pre-
college computer literacy, Via aﬁanal ysis
of personal computing nnd thode aspects

To purchase these booklets write
97403 or phone 5 3/686-4414.
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of computers that have direct inpact on
students, the booklet briefly discusses
and defitres computer literacy goals for
elementary and secondary schoolr $1.50.
28 pages. -

»

+ An Introduction to Computers in Edu-
cation for Elementary and Middle School
Teuchers is considerably mere exolicit
than the Teacher's Guide. Designea fer
self-instruction. inservice or preservice
use, the text is suitable for teachers at all
levels. Substantially larger than most of
the ICCE booitlets. this in-depth work in-
cludes eight chapters with over 75 appli-
cauons and cxercises {(many of which do
net require computer access) that can be
u=.d at the elemeniary and middle school
levels. $7.00. 94 pages, 814x11.

¢ The Parent’= Gude to M~mputers In
Educstion, one of our mur. recent publi-
cations. is @ definitive resource for
parents who wish to become actively in-
volved in their children's cemputer edu-
cation experiences. The booklet talks
-.about why children should use and lear.
abe +1 computers. and what parenis can
do to help. There is 8 sectivn on some of
the ways students and teachers are using
computers in the classroom. and sugges-
tions for obtaining hands-on experience
outside the clissroom for parents and
children. Checklists are included for
parents planning to purchase a computer
for the home. The closing section contains
# Glossary and list of resources. To put
the subject iato perspective. a lght-
hearted piece by Merle Marsh, “Comes
the Dawn {(If Only 1 Can Find the
Switchl™, runs throughout the booklet
%3.50. 80 pages.

+ Learning Disabled Students and Com-
puters: A Teacher's Guide dook was writ-
ten to help those teachers who are respon-
sible for meeting the reeds of ehildren
legally identified as learning disabled.
Discussing software and har“*ware. the
booklet also emphasizes educationat com
puting theory, concerns and a vision of
romputers in education for learning dis-
abled students. The Rescurce sect.on con-
tains a Clossary and references to rele
vatt books, publisher and orgar .zations.
$2.430. 48 pages.
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+ Computer Technology for the Handi.
capped in Special Education & Rehubili.
tation: A Resource Guide is a detailed, up-
to-date annotated bibliograpby of re-
sources in the area of computers for the
handicapped in rehabilitation and special
education. Containing an author index,
subject ;ndex and referenced quotations.
the focus »f the guide is a body of nearly
200 detailed annotations of current writ.
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rehabilitation, special education. teach-
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leges and several others, Published in
January of 1983, this is one of the most
current subjest source books available
$7.00 94 pages. 8tix1l.

+ Microcomputers in the Claseroom--
Dreams and Realities is directed to edu-
cators. administrators. curriiulum com-
mittees, and other professionals con-
cerned about tbe pructice and potciitial of
computer educatinn. Written b, Dr.
Eenry Jay Becker of The Johns Hopkins

view of the 2xisting computer educa*ion
environment as. it relates to achool
systems and policy, 1. Becker has in
cluded a summary of current theory. a
review of relevant resesrch and an ot:tline
of son:e mujor factors that will influence
purchasing., implementation apd goal
setting decisions, Divided into fourteen
sections such as "management of instruc-
tion™ and “curriculum-modifying applica-
sions of microcomputers.” the booklet
concludes with suggestions for improved
pv"ormance on the part of researc: ers.
<. Jlupers and school systen.s $3.50. 64
pages.

e Comgputer Literacy Aetlvitize for Ele-
meniary and Middle School Studencs. de-
sigred for teachers who are just getting
started with computers, contains elevmn
activities which can o¢ used 8¢ a varisty
of grade levels. M2y can bz easily inte
grated into the existing cyrriculum anéd
nost do not require compliter eccess.
Eighl authors comhined their computer
education knowledge and commitment to
the field in producing 1his detailed work
which in ludes a Glossary und Resources

section. $3.00.
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Also from ICCE...

You spend a lot of time teaching students about com-
puters. Shouldn’t parents be learning something too? By
reading the Parent’s Guide to Computers in Education,
q parents can learn what is being done, and what needs to

be done, to make their children computer literate. You
need to telt t .em that the guide exists.

The Parent’s Guide to Computers in Education is not
dry academic reading. It treats the subject of computer
literacy with sensitivity, insight and humor,

The booklet talks about why children should use and
learn about computers, and what parents can do to help.
« There is a section on some of the ways students and teach-
ers are using computers in the classroom. and suggestions
for obtaining hands-on experience for parents and chil-
dren outside of the classroom. For parents planning to
a computer for the home, ther~ are Needs
Assessment and Implementations Assessment check-
lists. The booklei also contains a Glossary and list of
references.

A delightful and encouraging article by Merle Marsh,
"Comes the Dawn {If Only I Can Find the Switch).” the
story of one parent’s journzy into the computer age. runs

DOVld MOUT SUﬂd throughout the work.

The bLookict, which is 80 pages long, is available for

$3.50 pre-paid. or by invoice {$2.50 will be added for han-

Proe S350US. dling) from tke International Council for Computers in

Education, 135 Education, Dept. PGI, University of

Oregon. Eugene, Oregon 97403. Visa and Mastercard
accepted.

Look no further for a compre-

Evaluator’s Guide I IVAUAION VUt FEBRUMY 1993 | hensive instructional software eval-
For Microcomputer-Based Instructional } vation tool. MicroSIFT Evaluator's
ackages TABLE OF CONTENTS Guide, developed by the Computer
. Technology Program of the North-
west Regional Laboratory, is a sub-
Q stantial guide for evaluating in-
structional snitware. Contents in.
- clude a summary of MicroSIFT's
PREFACE 6 evaluation process. glossary. de-
o CCTION ; tailed description of all review com-
g m‘“"m 7 ponents, review forms and sample
Frocesa 7 reviews. (Revised edition available
D Einition of Termn 9

February 1983.)
11, COURSEWASEDESCRIPTION "

: 111, COURSEWARF. EVALUATION [E] QUANT'W PR'CE (U.S. FUNDS)
: V. SAMPLE, BEVIEWS *® 1-4 copies $2.50 each
; 5-9 copies $2.25 each
: 10-29 copies $2.00 each
. : 30-49 copies $1.75 each
/8 50+ copies $1.50 each




